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Sir: I have the honor to sabmit herewith the annual report of tests 
of iron and steel and other materials made at this arsenal during the 
fiscal year ended June 80, 1905. 

The total number of specimens tested during the year was classified 
as follows: 

Gun specimens 37 

For Ordnance Department 2, 107 

For other Government departments 293 

Investigative tests 2d6 

Tests for private parties - 1 933 

Total 3,636 

The receipts and expenditures were as follows: 

Amount appropriated for testing machine and testing work $16, 000. 00 

Received from private parties 1,108.07 

Total received 16,108.07 

Amount expended for services and labor 14,068.66 

Amount expended for light, power, tools, implements, and materials .for 

testa i... 1,293.29 

Deposited to credit of Treasurerof United States 746.23 

Total expended 16,108.07 

The larger number of specimens tested and a considerable part of 
the time of the testing laboratory was' occupied during the past fiscal 
year in current material for the Ordnance Department and other 
departments of the Government This work, however, is chiefly of a 
routine nature, in which interest centers on the procurement of mate- 
rial which will meet the prescribed properties called for in the gov- 
erning specifications! 

In addition to the usual routine tests, there was a series of tests made 
on the resistance of jacketed bullets for .30-caliber rifle barrels. The 
resistance of bullets, forced through the bore, was determined with a 
new barrel, and again after 3,500 rounds had been fired. 

An extended series of tests was made on the strength and rigidity of 
wheels for field carriages and limbers. 

Tests on the endurance of different grades of steel to repeated alter- 
nate stresses have been continued from former years. 

A number of observations were made on the contraction in length 
of steel bars cooled in a bath of liauid air. 

The tensile strength of a steel bar was also determined, which was 
cooled and tested while immersed in a bath of liquid air. This sample 
showed a ^n in strength of 35.5 per cent over its strength at ordinary 
atmospheric temperature. While the steel displayed a contraction of 
area at the place of rupture not much below its normal value, there 
was no general donation of the steel remote from the contraction in 
the immediate vicinity of the rupture. 

The tests of concrete and mortar columns and of brick piers are 
continued. 

General interest attaches to the use of concrete, both plain and rein- 
forced with steel, and the current series of column tests is intended to 
include representative columns of the various types of reinforcement 
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4 TEST8 OF METALS AND OTHER MATERIALS, 1906. 

which are being used in engineering and architectural construction. 
Other columns of the series have been prepared, of various types of 
reenforcement, and are awaiting a suitable period of hardening to 
elapse before being tested. 

It is shown by the tests that the use of mixtures of richer or leaner 
proportions of cement and aggregate influences the rigidity of the 
indurated material in a marked degree, as well as modifying the ulti- 
mate strength. 

F. £. HoBBS, 
Major ^ Ordn<ince Department^ U. S, Army^ Comrrvanding, 

The Chief of Ordnance U. S. Army, 

Wa^hington^ D. C 
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3-INCH R. F. GUNS. 



SPECIMENS FROM TUBES, JACKETS, LOCKING HOOPS, 
BREECH BIjOCKS, AND CLIPS. 



3-rNOH R. F. GDN8. 

Tube. 

No. 8070. 

Marks, bt,m 

Diameter, ".605. 

Sectional area, .20 square inch. 

Gauged length, 2". 
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University of Wis, 



Applied 

loads per 

square 

inch. 


Elongation 
perinch. 


Successive 

elongation 

perinch. 


Permanent 
net. 


Successive 

permanent 

set. 


Remarks. 


Founds. 
1,000 
6,000 
10,000 
30.000 
40,000 
50,000 
66.000 
60,000 
66,000 
70,000 
71,000 
72,000 
73,000 
74,000 
76,000 
110,600 


Inch. 
0. 

.00006 
.00026 
.00100 

.ooia> 

.00166 
.00190 
.00205 
.00230 
.00260 
.00260 
.00460 
.00605 
.01260 
.01806 


Inch. 

0. 
.00005 
.00020 
.00076 
.00085 
.00080 
.00025 
.00015 
.00026 
.00020 

0. 
.00200 
.00166 
.00646 
.00056 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 
Elaatlp limit 










0. 


0. 












































Tensile strength. 













General summary. 

Tensile strength per square inch of original section pounds.. 110,600 

Elastic limit per square Inch of original section do. . . 71, 000 

Elongation per inch after rupture inch. . . 160 

Elongation per inch under strain at elaj<tic limit do. . . . 002SO 

Reduction in diameter at point of rupture. ; do. . . . 085 

Reduction in area after rupture, per cent of original section SO. 7 

Position of rupture ". 40 from the ne<-k 

Character of broken surface silky 

Elongation of inch sections ".21*, 'Ml 
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3-inoh r. f. guns. 
Tube. 



No. 8077. 
Marks, g?^"' 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Applied 

looasper 

square 

inch. 


Elongation 
pepinch. 


Successive 
Eloneation 
per Inch. 


set. 


Successive 

permanent 

set. 


Remarks. 


Pounds. 
1,000 
5,000 
10,000 
30,000 
40,000 
60,000 
55,000 
60,000 
66,000 
67,000 
68,000 
69,000 
70,000 
105,500 


Inch. 
0. 
.00025 
.00050 
.00115 
.00150 
.00195 
.00205 
.00230 
.00255 
.00260 
.00740 
.01015 
.01110 


Inch. 
0. 

.00025 
.00025 
.00065 
.00035 
.00045 
.00010 
.00025 
.00025 
.00005 
.00480 
.00275 
.00095 


JncA. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 











0. 


0. 
























- 















General Summary, 

Tensile strength per square inch of original section pounds.. 105,500 

Elastic limit per square inch of original section do. . . 67, 000 

Elongation per inch after rupture inch . . . 205 

Elongation per inch under strain at elastic limit do,. . . . 00260 

Reduction in diameter at point of rupture do. . . . 125 

Reduction In area after rupture, per cent of original section 43. 3 

Position of rupture ".50 from the neck 

Character of broken surface silky 

Elongation of inch sections ".12, ".2y* 



3-inch r. f. qun8. 

Tube. 

No. 8082. 
Marks, S?Si«^ 
Diameter," ".505. 
yectional area, .20 square inch. 
Gauged length, 2". 



13 



Applied 

loans per 

square 

Inph. 

Poiuids. 

1,000 

5,000 

10,000 


Ehm^alion 
per iDL-h. 


Sucfesgive 
elongation 
per inch. 


Permanent 
Met. . 


Successive 

permanent 

set. 


Remarks. 


Inch. 

0. 

.00005 
.00015 


Inch. 
0. 

.00005 
.00010 


Inch. 
0. 


Inch. 
0. 
0. . 


Initial load. 

EhuiUc limit. 
Tensile strengtii. 


30, OUO 1 . 00070 


1 


40,000 
60.000 
55,0C0 
60,000 
65,000 
70,000 
75,000 
76,000 
77.000 
78,000 
79,000 
106,000 


.00ia5 , .00035 
.00145 1 .00040 
.00150 1 .00005 






»• 


0. 


.00170 ' .00020 
.00185 , .00015 






1 


.00210 1 .OfWiF, 




.011225 
.00225 
.01825 
.01896 
.02060 


.00015 
0. 

.01600 
.00070 
.00156 


1 




1 


1 


1 




1 . 









General summary. 

Tensile strength per square Inch of original section pounds.. 106,000 

Elastic limit per square inch of original section do. . . 76, 000 

Elongation per inch after rupture inch. . . 185 

Elongation per inch under strain at elastic limit do. . . . 00225 

Reduction in diameter at point of rupture do. . . .105 

Reduction in area after rupture, per cent of original section 37. 1 

Position of rupture ".60 from the neclc 

Character of broken surface silky 

Elongation of inch sections ".28*, ".09 
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3-lNCH B. F. GUNS. 

Tube. 



No. 8084. 
Marks, 1^^ 
Diameter, ".605. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Applied 

loads per 

square 

inch. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
40,000 
50,000 
65,000 
60,000 
65,000 
68,000 
69,000 
70,000 
71,000 
72,000 
104,000 


Elongation 
per inch. 


Successive 
elongation 
per inch. 


Permanent ^^££!!?i!.1 
__, , permanent 

^^- 8et. 

Inch. i Itich, 
0. 1 0. 
0. ^ 0. 


Inch. 
0. 
.00016 
.00080 
.00100 
.00135 
.00170 
.00185 
.00205 
.00220 
.00230 
.00236 
.00460 
.00575 
.00785 


Inch. 
0. 

.00015 
.00015 
.00070 
.00035 
.00035 
.00015 
.00020 
.00015 
.00010 
.00005 
.00226 
.00115 
.00210 


1 


] 


0. j 0. 










1 


1 


1 


1 
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Remarks. 



Initial load. 



Elastic limit. 



Tensile strength. 



General summary. 

Tensile strength per square inch of original section pounds.. 104,000 

Elastic limit per square inch of original section do... 69,000 

Elongation per inch after rupture inch. . . 175 

Elongation per inch under strain at ela.'^tic limit do. . . .00235 

Reduction in diameter at point of rupture do. . . . 095 

Reduction tn area after rupture, per cent of original section 34 

Position of rupture ".70 from the neck 

Character of broken surface silky 

Elongation of inch sections ".09, ".26<' 



3-inch r. f. guns. 

Tube. 

No. 8093. 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 
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Applied 

loads per 

square 

inch. 

PoutuU. 
1,000 
5.000 
10,000 
80,000 
40,000 
50.000 
55.000 
60,000 
65,000 
70,000 
72,000 
73,000 
74,000 
75,000 
76,000 
120,600 


Blonaration 
per inch. 


Successive 

elongation 

per inch. 

Inch. 
0. 

.00015 
.00010 
.00065 
.00085 
.00035 
.00015 
.06020 
.00020 
.00015 
.00010 
.00005 
.00055 
.00130 
.00125 


Permanent 
set. 

Inch. 
0. 
0. 


Successive 

permanent 

set. 

Inch. 

0. 

0. 


Remarks. 


Tnch. 

0. 
.00015 
.0(Ky25 
.00090 
.00125 
.00160 
.00176 
.00195 
.00215 
.00230 
.00240 
.00245 
.00800 

.00656 


Initial load. 

Elastic limit. 
Tensile strength. 


1 






0. 


6. 




















j 























General nummary . 

Tensile strength per square inch of original section pounds.. 120,500 

Elastic limit per square inch of original section do. . . 73, 000 

Elongation per inch after rupture inch. . . 160 

Elongation per inch under Ntrain at elastic limit do... .00245 

Reduction in diameter at point of rupture do. . . .085 

Reduction in area after rupture, per cent of original section 80. 7 

Position of rupture ".60 from the neck 

Character of broken surface fine granular, 60 per cent; silky, 40 per cent 

Elongation of Inch sections ".10, ".22* 
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3-inch r. f. guns. 
Tube. 



No. 8099. 

Tkyr U„ 40396 B, 

Marks, bt,m 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



Applied 

loads per 

square 

inch. 


Elonaratlon 
per inch. 


Succeadve 
elongation 
per inch. 


Permanent 
set. 


Succejisive 

permanent 

set. 

Inch. 

0. 

0. 


Remarks. 


Pounds. 
1.000 
6,000 
10,000 
80,000 
40,000 
60.000 
55,000 
60,000 
66,000 
70,000 
71,000 
72,000 
73,000 
74,000 
105,000 


Inch. 
0. 

.00015 
.00030 
.00090 
.00125 
.00160 
.00175 
.00200 
.00210 
.00230 
.00235 
.00545 
.01030 
.01136 


Inch. 
0. 

.00015 
.00015 


Inch. 

0. 

0. 


Initial load. 

Elastic limit 
Tensile strength. 


.00060 
.00086 
.00065 
.00016 


1 




0. 0. 


.00026 
.00010 
.00020 
.00006 
.00310 
.00486 
.00106 















1 






1 ! 



General summary. 

Tensile strength per sqnare inch of original section pounds.. 106,000 

Elastic limit per square inch of original section do. . . 71, 000 

Elongation per incn after rupture inch . . . 186 

Elongation per inch under strain at elastic limit do... .00285 

Reduction in diameter at point of rupture do. . . . 106 

Reduction in area after rupture, per cent of original section 87. 1 

Poaitlon of rupture ".8 from the neck 

Character of broken surface silky 

Elongation of inch sections ".26»/Ml 



3-inoh r. f. guns. 

Tube. 

No. 8106. 
Marks, i'lSi^* 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged length, 2". 
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Applied 

loads per 

square 

inch. 


Elongation 
per inch. 


Successive 
elongation 
perinch. 


Permanent 
set. 

Inch. 

0. 

0. 


Successive 

permanent 

set. 


Remarks. 


Pounds. 
1,000 
5,000 
10,000 
SO, 000 
40,000 
60,000 
65,000 
60,000 
65,000 
67,000 
68,000 
69,000 
70,000 
101,000 


Inch. 
0. 

.00015 
.00035 
.«)090 
.00120 
.00165 
.00180 
.00195 
.00220 
.00285 
.01060 
.01160 
.01276 


Inch. 
0. 

.00016 
.00010 
.00066 
.00030 
.00045 
.00015 
.00015 
.00025 
.00015 
.00815 
.00100 
.00125 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 







































General summary. 

Tensile strength per square inch of original section pounds.. 101,000 

Elastic limit per square inch of original section do... 67,000 

Elongation per inch after rupture inch.. .210 

Elongation per inch under Rtrain at elastic limit do... .00285 

Reduction in diameter at point of rupture do. . . . 115 

Reduction in area after rupture, per cent of original section 40.8 

Position of rupture ".70 from the neck 

Character of broken surface silky 

Elongation of inch sections ".14, ".28* 

H. Poc. 22, 59-1 2 
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3-INCH R. F. GUNS. 

Tube. 



No. 8107. 
Marks, W^^' 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Applied 

loads per 

square 

inch. 


Elongation 
per inch. 

Inch. 

0. 
.00010 
.00020 
.00090 
.00125 
.00160 
.00176 
.00190 
.00210 
.00280 
.00260 
.00270 
.01600 
.01686 
.01660 


Succeadve 
elongation 
perlnch. 


Permanent 
. set. 

Inch. 
0. 
0. 


Succeaaive 

permanent Remarks, 
set. 


Pounds. 
1,000 
5,000 
10,000 
80,000 
40,000 
60,000 
65,000 
60,000 
66,000 
70,000 
76,000 
80,000 
81,000 
82,000 
88,000 
118,000 


InrJi. 
0. 
.00010 
.00010 
.00070 
.00035 
.00085 
.00015 
.00015 
.00020 
.00020 
.00020 
.00020 
.01230 
.00035 
.00115 


Inch. 
0. 
0. 


Initial load. 
Elastic limit 










0. 


0. 

















1 


1 








1 






Tensile strength. 









General sumttiary. 

Tensile strength per square inch of original section pounds.. 113,000 

Elastic limit per square inch of original section do... 80,000 

Elongation per inch after rupture inch.. .245 

Elongation perinch under strain at elastic limit do... .00270 

Reduction in diameter at point of rupture do. . . .115 

Reduction in area after rupture, per cent of original section 40.8 

Position of ruptu re 1" from the neck 

Character of broken surface silky 

Elongation of Inch sections ^.25*, "'.24 



3-INOH B, F, OUN8. 

Jacket. 
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Marks, ^'^ 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



No. 8081. 



loads per 
square 
incb. 


EloDsatlon 
per inch. 


Succeedve 
elongation 
perlnch. 


■ 
Permanent 
set. 


SttoceasiTe 

permanent 

set. 


Remarks. 


Poundt, 
1,000 
6,000 
10,000 
80,000 
40,000 
50,000 
66,000 
60,000 
66.000 
70,000 
72,000 
78,000 
74.000 
76,000 
76,000 
112,500 


Inch, 
0. 

.00010 
.00026 
.00096 
.00186 
.00166 
.00185 
.00200 
.00216 
.00286 
.00246 
.00250 
.01166 
.01250 
.01820 


IliCh, 

0. 

.00010 
.00015 
.00070 
.00040 
.00080 
.00020 
.00016 
.00015 
.00020 
.00010 
.00006 
.00016 
.00066 
.00070 


Inch. 

0. 

0. 


Inch, 

0. 

0. 


Initial load. 

Elastio limit. 
Tensile strength. 










0. 


0. 

























. 























General summary. 

Tensile strength per square inch of original section poondB.. 112,500 

Elastic limit per square inch of original section do... 78,000 

Elongation per inch after rupture inch.. .176 

Elongation per inch under strain at elastic limit .*. do... .00250 

Reduction in diameter at point of rupture do... .066 

Reduction in area after rupture, per cent of original section 28.9 

Position of rupture 1 ".06 from the neck 

Character of broken surface : rflky 

Elongation of inch sections ".ao», ".li 
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3-IHOH B. V. GUHB. 

Jacket. 



No. 8086. 
Marks, W^ 
Diameter, ".506. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Applied 

loads per 

square 

inch. 



Pminds. 
1.000 
6.000 
10,000 
80.000 
40.000 
60,000 
65,000 
60,000 
65,000 
70.000 
76,000 
76,000 
77,000 
78,000 
79,000 
80,000 
114,000 



Elonsation 
per inch, 



Inch. 
0. 
.00010 
.00025 
.00090 
.00125 
.00165 
.00180 
.00190 
.00205 
.00220 
.00240 
.00250 
.00255 



.00875 
.01000 



Successive 

elongation 

per inch. 



Inch. 
0. 

.00010 
.00015 
.00065 
.00035 



.00026 
.00010 
.00015 
.00015 
.00020 
.00010 
.00005 



.00185 
.00126 



Permanent; 



Successive I 

permanent! 

set. 



Kenutrks. 



Inch. 



Inch. 

0. 

0. 



Initial load. 



I 



Elastic limit 



; Tensile strength. 



General summary. 

Tensile strength per square inch of original section pounds. . 114, 000 

Elastic limit per wnian* inch of original section do. . . 77, 000 

Elongation per Incn after rupture Inch . . . 145 

Elongation per inch under strain at elastic limit do. . . . 00265 

Reduction of diameter at point of rupture do. . . .066 

Reduction in area after rupture, per cent of original section 20. 5 

Position of rupture 1" from the neck 

Character of broken surface silky 

Elongation of Inch sections 'M7», ".12 



3-INOH B. F. GUNS. 
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Jacket. 



No. 8092. 
Marks, gjji^ 
Diameter, ".606. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Applied 

loaas per 

square 

fiich. 


Elongation 
per inch. 


8ucce»(iTe 
elongation 
per inch. 


Pennanent 
set. 


Succenive 

pennanent 

set. 

Inch. 

0. 

0. 


Remarks. 


Pounds. 
1,000 
5.000 
10,000 
30.000 
40.000 
50,000 
55,000 
60,000 
65,000 
68.000 
69,000 
70.000 
71,000 
72,000 
111,000 


Inch. 
0. 
.00015 
.00025 
.00090 
.00180 
.00170 
.00190 
00205 
.00225 
.00240 
.00260 
.00525 
.00760 
.00885 


Inch. 
0. 

.00015 
.00010 
.00065 
.00040 
.00040 
.00020 
.00015 
.00020 
.00015 
.00010 
.00275 
.00285 
.00075 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


6. 











































General mmmary. 

Tensile strength per square inch of original section pounds.. 111,000 

Elastic limit per »square inch of original section do... 69,000 

Elongation per inch after rupture inch.. .196 

Elongation per inch under strain at elastic limit do... .00260 

Reduction in diameter at point of rupture do... .106 

Reduction in area after rupture, per cent of original section 87. 1 

Position of rupture '^70 from the neck 

Character of broken surface silky 

Elongation of inch sections ".10, ".29* 
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3-lNOH R. F. GUMS. 

Jacket. 



No. 8096. 

Diameter, ''.505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



loads per 
■quare 
Inch. 


wir 


SucoeflKiTe 
eloDntJon 
perlDch. 


Pennuient 
Bet 


SucoefliiTe 

pennanent 

let* 


Remarki. 


PcmtuU. 
1,000 
6,000 
10,0(10 
80,000 
40,000 
60,000 
66,000 
60,000 
66,000 
70,000 
76,000 
77.000 
78,000 
79,000 
80,000 
119,000 


IndL 
0. 

.00010 
.00020 
.00006 
.00126 
.00170 
.00180 
.00190 
.00906 
.00286 
.00260 
.00200 
.00816 
.01086 
.01170 


Inch, 
0. 
.00010 
.00010 
.00076 
.00080 
.00016 
.00010 
.00010 
.00016 
.00090 
.00016 
.00010 
00066 
.00770 
.00086 


Inch, 
0. 
0. 


InelL 

0. 

0. 


Initial load. 

Elastic Umit 
Tensile Btrenth. 










0. 


0. 













































General tummary. 

Tensile Btrength per square inch of oriflinal Motion pounds.. 119,000 

Eliintlc limit per square inch of original section do... 77,000 

Elongation per inch after rupture inch.. .180 

Elongation per inch under strain at elastic limit do... .00200 

Reduction in diameter at point of rupture do . . . .106 

ReductioD in area after rupture, per cent of original section 87.1 

PoBition of rupture ''.Ofrom the neck 

Character of broken surface silky 

Blongatlcm of inch sections ".U,".26» 



3-INCH R. F. GUNS. 
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Jacket. 

No. 8098. 

Marks, i^^ 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 'I!\ 



Applied 

loads per 

square 

Inch. 


Elongation 
per Inch. 


SucceaBive 
elongation 
per inch. 


Permanent 
set. 


Successive 

permanent 

set. 

Inch. 

0. 

0. 


Remarks. 


PwvndM. 
1,000 
5,000 
10,000 
80,000 
40,000 
60,000 
65,000 
60,000 
65,000 
70,000 
72,000 
78,000 
74,000 
75,000 
76,000 
114,000 


Inch. 
0. 

.00010 
.00080 
.00105 
.00145 
.00175 
.00190 
.00210 
.00225 
.00245 
.00250 
.00255 
.00285 
.00450 
.00600 


Inch. 
0. 
.00010 
.00020 
.00075 
.00040 
.00030 
.00015 
.00020 
.00015 
.00020 
.00005 
.00005 
.00030 
.00165 
.00150 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 
















































GenercU summary. 

Tensile strength per square inch of original section pounds. . 114, 000 

Elastic limit per square inch of original section do. . . 78, 000 

Elongation per inch after rupture inch. . . Ifl6 

Elongation per inch under stniin at elastic limit do. . . . 00255 

Reduction in diameter at point of rupture do. . . .115 

Reduction in area after rupture, per cent of original section 40. 8 

Posi tion of rupture " . 70 from the neck 

Character of broken surface silky 

Elongation of inch sections ".27*, ",12 
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3-INOH B. F. GUNS. 



Jaoeet. 



No. 8101. 



Marks, *SSm* 

Diameter, ".605. 

Sectional area, .20 square inch. 

Gauged length, 2". 



Applied 

loads per 

square 

inch. 


Elonsation 
perincb. 


Sucoessive 
elongation 
per Inch. 


Permanent 
set. 


SuccesBlTe 

permanent Reniarks. 
set. 1 


Poundt. 
1.000 
5,000 
10,000 
80.000 
40,000 
50,000 
56.000 
60,000 
65,000 
60,000 
70,000 
71,000 
72,000 
78,000 
114,600 


Inch. 
0. 

.00015 
.00065 
.00095 
.00125 
.00155 
.00175 
.00190 
.00210 
.00225 
.00280 
.00296 
.00720 
.00775 


Inch. 
0. 

.00016 
.00020 
.00060 
.00080 
00080 
.00020 
.0001') 
.00020 
.00015 
.00005 
.00066 
.00425 
.00066 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 











































General summary. 

Tensile strength per square inch of original section pounds.. 114,500 

Elastic limit per square inch of original section do... 70,000 

Elongation per inch after rupture inch.. .200 

Elongation per inch under strain at elastic limit do... .00280 

Reduction in diameter at point of rupture do. . . . 115 

Reduction In area after rupture, per cent of original section 40.8 

Position of rupture ".9 from the neck 

Character of broken surface silky 

Elongation of inch sections ".28*, ".12 



Marks, SSi^ 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



3-INCH B. F. GUNS. 

Jaoeiet. 
No. 8108. 
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loads per 
square 
inch. 


Elongation 
per Inch. 


SuccesBiTe 
elongation 
per inch. 


Permanent 
set 


SuccessiTe 

permanent 

set. 


Remarks. 


Pounds. 
1,000 
6,000 
10.000 
80,000 
60.000 
66,000 
60,000 
66.000 
70,000 
78,000 
74.000 
76,000 
76,000 
108,600 


Inch. 
0. 

.00010 
.00060 
.00096 
.U0166 
.00180 
.00200 
.00220 
.00260 
.00266 
.02000 
.02160 
.02800 


Inch. 
0. 

.00010 
.00020 
.00066 
.00060 
.00026 
00020 
.00020 
.00080 
.00016 
.01786 
.00160 
.00160 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Init^l load. 

Elastic limit. 
Tensile stren^h. 






0. 


0. 












































Qeneral mmmary. 

Tensile strength per square inch of original section pounds.. 103,600 

Elastic limit per square inch of original section do... 73,000 

Elongation per Incii after rupture inch.. .190 

Elongation per inch under strain at elastic limit do... .00286 

Reduction in diameter at point of rupture do... .076 

Reduction in area after rupture, per cent of original section 27. 4 

Position of rupture ".80 from the neck 

Character of broken surface duUidlky 

Elongation of inch sections ".24*. ".14 
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3-inch r. f. gitns. 
Jacket. 



No. 8104. 

Marks, Sei^ 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



Applied 

loads per 

square 

inch. 


Elongation 
perinch. 


Successire 
elongation 
per inch. 


Permanent 
set. 

Inch. 

0. 

0. 


Succeaalve 

permanent 

set. 


Remarks. 


Pounds. 
1,000 
6,000 
10,000 
30,000 
40,000 
50,000 
56,000 
60,000 
66,000 
70,000 
76,000 
78.000 
79.000 
80,000 
81,000 
119,000 


Inch. 
0. 
.00010 
.00036 
.00096 
.00126 
.00160 
.00175 
.00190 
.00206 
.00226 
.00246 
.00260 
.01050 
.01175 
.01250 


Inch. 
0. 

.00010 
.00025 
.00060 
.00090 
.00036 
.00015 
.00015 
.00015 
.00020 
.00020 
.00015 
.00790 
.00125 
.00075 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 














:::::::::::::::::::::::: 














, 


1 
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General nummary. 

Tensile strength per square inch of orlnrlnal section pounds. . 119, 000 

Elastic limit per Kquare inch of original section do... 78,000 

Elongation per inch after rapture inch . . .185 

Elongation per inch under strain at elastic limit do. . . . 0U260 

Reduction in diameter at point of rupture do. . . .105 

Reduction in area after rupture, per cent of original section 87.1 

Position of rupture 1" from the neck 

Character of broken surface silky 

Elongation of inch sections ''.22*, ".Ifi 



3-inch r. f. guns. 

Locking Hoop. 

No. 8083. 
Marks, i?S^^ 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged length, 2". 
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loads per 
square 
inch. 


Elongation 
per inch. 


Successive 
elongation 
perinoh. 


Permanent 
set. 

Inch. 

0. 

0. 


Successive 

permanent 

set. 


Remarks. 


Poundt. 
1,000 
6,000 
10,000 
80,000 
40,000 
60,000 
66,000 
60,000 
66.000 
70,000 
76,000 
76,000 
77,000 
78,000 
79,000 
107,000 


Inch, 
0. 

.00016 
.00090 
.00100 
.00186 
.00176 
.00186 
.00200 
.00226 
.00240 
.00276 
.00280 
.00806 
.02096 
.02120 


Inch, 
0. 

.00015 
.00016 
.00070 
.00086 
.00040 
.00010 
.00015 
.00026 
.00015 
.00035 
.00006 
.00026 
.01790 
.00026 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 
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GenercU tummary. 

Tensile strength per square Inch of original section pounds.. 107,000 

Elastic limit per square inch of original section do... 76,000 

Elongation per inch after rupture inch.. .220 

Elongation per inch under strain at elastic limit do... .00280 

Reduction In diameter at point of rupture do... .095 

Reduction in area after rupture, per cent of original section 84 

Position of rupture l".26from the neck 

Character of broken surface silkv. oblique 

Elongation of inch sections 'M8, ".26* 
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3-INCH R. F. GUNS. 

Locking Hoop. 



No. 8095. 
Marks, Sg&^''» 
•Diameter, ".506. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Applied 

loaas per 

Bquarc 

inch. 


Elonsation 
per inch. 


Succeaive 
elongation 
per inch. 


Permanent 
set. 


Succetslve 

permanent 

set. 

Inch. 

0. 

0. 


Remarks. 


Poundn. 
1,000 
5,000 
10,000 
20,000 
80,000 
60,000 
66,000 
60,000 
65,000 
74,000 
75,000 
76,000 
77,000 
108.000 


Irich, 

0. 

.00010 
.00025 
.00066 
.00090 
.00165 
.00180 
.00200 
.00215 
.00265 
.00315 
.00395 
.00600 


Inch. 
0. 
.00010 
.00015 
.00080 
.00085 
.00075 
.00015 
.00020 
.00015 
.00060 
.00060 
.00080 
.00206 


Inch. 
0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 







































General summary. 

Tensile strength per square inch of original section pounds. . 108, 000 

Elastic limit per square inch of original section do. . . 74, 000 

Elongation per inch after rupture — inch. . . ICO 

Elongation per inch under strain at elastic limit do. . . . 00265 

Reduction in diameter at point of rupture • do. . . .095 

Reduction in area after rupture, per cent of original section 34 

Position of rupture ". 70 fr»m the neck 

Character of broken surface silky 

Elongation of inch sections ".23*, ".09 



3-lNCH R. F. GUNS. 

Breechblock. 

No. 8067. 
Marks, 1?'^?^^^ 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged length, 2". 
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Applied 

loads per 

square 

inch. 


Elongation 
per Inch. 


Successive 
elongation 
per inch. 


Permnnenl 
set. 


Successive 

permanent 

set. 

Inch. 

0. 

0. 


Remarks. 


Pounds. 

1,000 

5,000 

80,000 

.50.000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
87,000 
88,000 
89.000 
90,000 
91,000 

131,000 


Inch. 
0. 

.00050 
.00075 
.00140 
.00160 
.00175 
.00190 
.00210 
.00225 
.00240 
.002^ 
.00280 
.00320 
.00420 
.00520 
.00605 


Inch. 
0. 

.00050 
.00025 
.00065 
.00020 
.00015 
.00015 
.00020 
.00015 
.00015 
.00025 
.00015 
.00040 
.00100 
.00100 
.00085 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 


0. 


0. 




















































. 




♦•••* 



General mmmary. 

Tensile strength per square inch of original section pounds. . 181 , 000 

Eltistic limit per square inch of original section do. . . 87, 000 

Elongation per inch after rupture inch. . . 165 

Elongation per inch under strain at elastic limit do... .00280 

Reduction in diameter at point of rupture do. . . .106 

Reduction in area after rupture, per cent of original section 37. 1 

Position of rupture ".70 from the neck 

Character of broken surface fine silky 

Elongation of inch sections 'MO, ".28* 



80 



3-inoh r. k. oun8. 
Breechblock. 



No. 8072. 

Marks, ^^* 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



Applied 

loads per 

square 

inch. 


Elongation 
per inch. 


Successive 
elongation 
perlnch. 


Permanent 
set. 


Successive 

permanent 

set. 


Remarks. 


Poundt. 
1,000 
5,000 
40,000 
70,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80.000 
122,000 


Inch. 
0. 

.00020 
.00155 
.00260 
.00275 
.00280 
.00305 
.00360 
.00490 
.00750 


Inch. 
0. 

.00020 
.00135 
.00105 
.00015 
.00005 
.00025 
.00055 
.00180 
.00260 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 
Elastic limit. 
Tensile strength. 


0. 


0. 








. .......... 



























General nummary. 

Tensile strength per square inch of original section pounds.. 122,000 

Elastic limit per square inch of original section do. . . 76, 000 

Elongation per incn after rupture inch . . .186 

Elongation per inch under strain at elastic limit do. . . . 00280 

Eduction in diameter at point of rupture do. . . .095 

Reduction in area after rupture, per cent of orlplnal section 34 

Position of rupture ".UO from the neck 

Character of broken surface silky 

Elongation of inch sections ".23*, ".14 



3-iyOH R. F. GUNS. 

Cups. 

No. 8091. 

Marks, i^JSr"^^ 

Diameter, ".506. 

Sectional area, .20 square inch. 

Gauged length, 2". 
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loads per 
square 
inch. 

Pounds. 
1,000 
5,000 
10.000 
SO, 000 
40,000 
44,000 
50,000 
55,000 
60,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
100,500 


Elongation 
per inch. 


Saccesedve 
elongation 
per inch. 


Permanent 
set. 


Successive 

permanent 

mt. 


Remarks. 


0. 

.00020 
.00040 
.00110 
.00140 
.00155 
.00175 
.00190 
.00210 
.002SO 
.002^)5 
.00245 
.01650 
.01620 
.01700 


Inch. 
0. 

.00070 
.00080 
.00015 
.00020 
.00015 
.00020 
.00020 
.00005 
.00010 
.01306 
.00070 
.00080 


Inch, 
0. 
0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 







; 


0. 1 0. 
0. 1 0. 


1 







































General summary. 

Tensile strength per square inch of original section pounds. . 100, 500 

Elastic limit per square inch of original section do... 67,000 

Elongation per incn after rupture inch . , .195 

Elongation per inch under strain at elastic limit do... .00245 

Reduction in diameter at point of nipture do, . . .075 

Reduction in area after rupture, per cent of original section — 27.4 

Position of rupture ".75 from the neck 

Character of broken surface silky 

Elongation of inch sections ".14, ".26* 
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3-INCH R. F. OUN8. 



Cups. 
No. 8097. 

Diameter, ".505. 

Sectional are^, .20 square inch. 

Gauged length, 2". 



Applied 

loads per 

square 

inch. 


Elongation 
per inch. 


Successive 
elongation 
perlnch. 


Permanent 
Ret. 


SuqcesBiye 

permanent 

set. 


Remarks. 


Pounds. 
1,000 
5,000 
10,000 
80,000 
40,000 
60,000 
65,000 
60,000 
61,000 
62,000 
63.000 
64,000 
100,500 


Inch. 
0. 
.00015 

.oooao 

.00095 
.00125 
.00165 
.00180 
.00200 
.00206 
.00265 
.00495 
.01055 


Inch. 
0. 

.00015 
00015 

.00065 

!00040 
.00015 
.00020 
.00005 
.00060 
.00280 
.00660 


Inch. 
0. 
0. 


Inch. 

0. 

0. 


Initial load. 

Elastio limit. 
Tendle strength. 








0. 


0. 
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General mmmary. 

Tensile strength per square inch of x>rlffinal section pounds.. 100,500 

Elastlclimit per square inch of original section do... 61,000 

Elongation per incn after rupture inch.. .170 

Elongation per inch under strain at eloatic limit do... .00205 

Reduction in diameter at point of rupture do... .055 

Reduction in area after rupture, per cent of original section 20. 5 

Position of rupture 1 ".20 from the neck 

Character of broken surface silky 

Elongation of inch sections ".18*, ''.16* 



3-INOH R. F. OUNB. 
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TABULATION OF TENSION SPECIMENS FROM SCINCH R. F OUNS. 

STEMS 2" LONG, ".fi06 DIAMETER. 



No. of 



8070 
8077 



8084 

8008 



8090 

8106 
8107 

8061 
8066 
8002 
8096 
8096 
8101 
8108 
8104 

8068 

8096 

8067 
8072 

8091 
8097 



Pofition in 
gnn. 



Tube. 



.do. 
.do. 
.do. 
.do. 



.do. 
.do. 
.do. 



Jacket. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 



Looking hoop 
do 



Breechblock 
....do 



Cllpa 

...!do 



Loca- 
tion of 
■peci- 
meni. 



Middle 



.do. 
.do. 
.do. 
.do. 



..do.. 

..do. 

..do. 

..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 

..do. 
..do. 



...do. 
...do. 



.do. 
.do. 



Elastic 
limit 
per 

square 
inch. 



Tensile 
strength 

per 
square 
inch. 



Pifunda. 
71,000 

67,000 
76,000 
60,000 
78,000 



71.000 
67,000 
80.000 

78,000 
77,000 
60.000 
77,000 
78,000 
70,000 
78,000 
78,000 

76,000 
74.000 

87,000 
76,000 

67,000 
61,000 



Ptmndt. 
110,600 

106,600 
106,000 
104,000 
120,600 



106,000 
101,000 
118,000 

112,600 
114,000 
111,000 
110,000 
114,000 
114,600 
108,600 
110,000 

107.000 
108,000 

181,000 
122,000 

100,600 
100,600 



Elon- 
gation. 



€k>n- 
trac- 
tion of 



Peret, 
16.0 

20.6 
18.6 
17.6 
16.0 



18.6 
21.0 
24.6 

17.6 
14.6 
10.6 
18.0 
10.6 
20.0 
10.0 
18.6 

22.0 
16.0 

16.6 
18.6 

10.6 
17.0 



PereL 
80.7 

48.8 
87.1 
84.0 
80.7 



87.1 
40.8 
40.8 

28.0 
20.6 
87.1 
87.1 
40.8 
40.8 
27.4 
87.1 

84.0 
84.0 

87.1 
84.0 

27.4 
20.6 



Appearance of frac- 
ture. 



Silky 

....do 

....do 

....do 

Oranular. 60 per 
cent; silky, 40 per 
cent. 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 



Be- 
marks. 



end. 
Do. 
Do. 
Do. 
Do. 



Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Da 



H. Doc. 22, 69-1 3 



6-INCH R. F. GUNS. 



SPECIMENS FROM TUBES, JACKETS, AND BREECH- 
BLOCKS. 
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6-inch r. k. guns. 
Tube. 

No. 8008. 

Marks, mtsM 

Diameter, ".506. 

Sectional area, .20 square inch. 

Gauged length, 2". 
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loads per 
square 
Inch. 


EloDfatlon 
perbich. 


Suoceasiye 
elongation 
perinch. 


Peimanent 
set. 


BnocesBiye 

pennanent 

set. 


Remarks. 


Pounds. 

1,000 

6,000 

10,000 

80,000 

40 000 

60,000 

66,000 

60,000 

66,000 

67,000 

68,000 

69,000 

70,000 

109,600 


Inch. 
0. 

.00010 
.00006 
.00066 
.00116 
.00146 
.00160 
.00176 
.00196 
.00206 
.00666 
.00600 
.00766 


Inch, 
0. 

.00010 
.00016 
.00060 
.00060 
.00080 
.00015 
.00016 
.00020 
.00010 
.00150 
.00146 
.00265 


Inch. 

0. 

0. 


Inch, 

0. 

0. 


Initial load. 

Elastlcllmlt. 
TensOe strength. 










0. 


0. 







































Oeneral mmmary. 

Tensile strength per square Inch of original section poands.. 109,600 

Elastic limit per sqnare Inch of original section do... 67,000 

Elongation per Inch after rupture inch . . .206 

Elongation per inch under strain at elastic limit do . . . . 00206 

Reduction in diameter at point of rupture do... .166 

Reduction in area after rupture, per cent of original bection 61 . 9 

Position of rupture ^.66 from the neck 

Character of broken surface silky 

Elongation of inch seotioos. '.09, ^82* 
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6-I»0H'E. F. QUN8. 
TUBB, 



No. 8011. 
Marks, gy" 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Bquare 
inch. 


Elongation 
per inch. 


SucoesBlve 

elongation 

perlnch. 


Permanent 
set 


SacoesBlve 
set 


pfttr^^^rlrff. 


PomuU. 
1,000 
5.000 
10,000 
80,000 
40.000 
60.000 
55,000 
60,000 
68,000 
64,000 
65,000 
66,000 
95,500 


Inch, 
0. 

.00010 
.00025 
.00090 
.00125 
.00155 
.00175 
.00190 
.00205 
.01120 
.01180 
.01885 


Inch. 
0. 

.00010 
.00015 
.00065 
.00085 
.00080 
.00020 
.00015 
.00015 
.00915 
.00060 
.00185 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial loMl. 

Elastic limit. 
Tensile strength. 










0. 


0. 




















^ 















Oeneral gummary. 

Tensile strength per iqtiare inch of original section ponnds.. 95,500 

Elastic limit per square inch of original section m do... 68,000 

Eknigation per inch aftermptare inch.. .285 

Elongation per inch under strain at elastic limit do... .00205 

Reduction in diameter at point of rupture do... .145 

Reduction in area after rupture, per cent of original section 49.1 

Position of rupture r\ 03 from the neck 

Character of broken surface fine silky 

Elongation of inch aectioni ''.82*. ".15 



6-inoh b. f. guns. 
Tube. 
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No. 8ei& 
Marks, S^^ 
Diameter, ".506. 
Sectional area, .20 square inch. 
Grauged length, 2". 



Applied 

loadBper 

BQuaie 

Inch. 


Elongation 
per Inch. 


SacceflriTB 
elongation 
pcurlnch. 


Permanent 
set 


SuccesBiye 
set. 


Bemarks. 


PowuU. 
1,000 
6,000 
10,000 
80,000 
40,000 
60,000 
66,000 
60.000 
64,000 
66,000 

67,000 
68,000 
104,000 


Inch. 
0. 

.00016 
.00060 
.00106 
.00186 
.00170 
.00185 
.00206 
.00220 
.00260 
.00926 
.01096 
.01280 


Inch, 
0. 

.00016 
.00016 
.00076 
.00080 
.00085 
.00016 
.00020 
.00016 
.00080 
.00675 
.00170 
.00186 


Inch, 

0. 

0. 


xfMM. 

0. 
0. 


Initial load. 

Elastic limit. 
TensUe strength. 










0. 


0. 







































Oeneral summary, 

TensQe strength per sqnare inch of original section poands . . 104, 000 

Elastic limit per square inch of original section do... 64,000 

Elongation per inch after rupture inch.. .225 

Elongation per inch under strain at elastic limit do... .00220 

Reduction in diameter at point of rupture do... .136 

Reduction in area after rupture, per cent of original section 46.2 

Position of rupture ^90 from the neck 

Character of broken surface silky 

Elongation of inch sections ^.16,*.80* 
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6-inch b. f. gijns. 
Tube. 



No. 8069. 

Marks, ^^ 

Diameter, ".506. 

Sectional area, .20 square inch. 

Gauged length, 2". 



•qtiftre 


p«rliicli. 


elongation 
Inch. 

a 

.00010 
,00016 
.00070 
.00080 
.00005 
.00026 
.00016 
.00006 
,00615 
.O0SO6 
,00146 


PemiftiiOTt 
Ret. 

Inch. 
0. 
0. 


fitiooeMlv« 

pecmsnent 

met. 


RemarkA. 


IpOW 
6,000 
10,000 


Inch. 
0. 
.00010 


Inch. 

0. 
0. 


Initial low!. 

£]ud(? Ifmit, 
TemtUestrengUi. 


30,000 .oo6»& 
40pD00 .ooiafi 
60,000 .00100 
66,000 OOtAA 










0. 


0. 


60,000 
60,000 
ffl,000 

61,000 
K,OO0 


.00200 
.00'206 

,owao 

.00026 
,01070 

























Oeneral summary. 

Tensile ftrength per square inch of original section pounds. . 96, 000 

Elastic limit per square inch of original section do... 60,000 

Elongation per inch after rupture inch . . . 1 90 

Elongation per inch under strain at elastic limit do... .00206 

Reduction in diameter at point of ruptu re do . . . .075 

Reduction in area after rupture, per cent of original section 27. 4 

Position of rupture 1" from the neck 

Character of broken surface silky 

Elongation of inch sections '^.22*, 'M6 



6-INCH B. F. GUNB, 
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Tube. 

No. 8086. 
Marks, ^^ 
Diameter, ".506. 
Sectional area, .20 square inch. 
Gauged length, 2". 



loaasper 
iqnare 
inch. 


EloDgatioxi 
per inch. 


SaccesBive 
elongation 
perlnch. 


Permanent 
set. 


Sncoesgire 

permanent 

set 


Bemarka. 


Pounds. 
1,000 
6,000 
10,000 
80.000 
40,000 
60,000 
66,000 
60,000 
64,000 
66,000 
66,000 
67,000 
68,000 
99,600 


Inch. 
0. 

.00016 
.OOOBO 
.00100 
.00186 
.00170 
.00190 
.00206 
.00226 
.00280 
.00676 
.00970 
.01076 


Inch. 
0. 
.00016 
.00016 
.00070 
.00066 
.00086 
.00020 
.00015 
.00020 
.00006 
.00645 
.00896 
.00106 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit 
Tensile strength. 










0. 


0. 










1 




1 


1 








1 



General tummary. 

Tensile strength per square inch of original section poonds... 99,600 

Elastic limit per scmare inch of original section do... 66,000 

Elongation per inch after rupture inch.. .190 

Elongation per inch under strain at elastic limit do. . . . 00290 

Reduction in diameter at point of rupture do... .090 

Reduction in area after rupture, per cent of original section 85 

Position of rupture ".90 from the nee 4 

Character of broken surface silkk 

Elongation of inch secttona ".14. ".a4y 
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6-nrCH R. F. OUN8. 



Marks, ^^ 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



Tube. 
No. 8106. 



Applied 

loaosper 

square 


Elongation 
per inch. 


Siiccessiye 
elongation 
per inch. 


Permanent 
set. 


Succeesive 

permanent 

set 


Bemarks. 


Poundi. 
1,000 
5,000 
10,000 
80,000 
40,000 
50,000 
55,000 
60,000 
68,000 
64,000 
65,000 
66,000 
67,000 
97,600 


Inch. 
0. 

.00015 
.00080 
.00100 
.00185 
.00175 
.00185 
.00210 
.00215 
.00225 
.00850 
.00025 
.01100 


Inch, 
0. 

.00015 
.00015 
.00070 
.00085 
.00040 
.00010 
.00025 
.00005 
.00010 
.00125 
.00575 
.00175 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 







































General nimmary. 

Tensile strength per square inch of original section pounds.. 97,500 

Elastic limit per square inch of original section do... 64,000 

Elongation per incn after rupture inch.. .185 

Elongation per inch under Btntin at elastic limit do... .00225 

Reduction in diameter at point of rupture do..'. .085 

Reduction in area after rupture, per cent of original section 30. 7 

Position of rupture ^^.95 from the neck 

Character of broken surface silky, oblique, serrated 

Elongation of inch sectioDa ''.U, ''.28* 



6-INOH K. F. GUNS. 

Tube. 
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Marks, ^^ 
^' ".605. 



No. 8108. 



Diameter, .ouo. 

Sectional ar^ .20 square inch. 

Gauged length, 2". 



loads per 
BQuare 
Inch. 


Elonmtion 
per Inch. 


Sncceadve 
elongation 
perlnch. 


Permanent 
set. 


Suoceasiye 

pennanent 

set 


tt^tff^f^rktL, 


Powndt. 
1,000 
6,000 
10,000 
20,000 
80,000 
60,000 
60,000 
68,000 
68,600 
64,000 
66.000 
66,000 
94,000 


Inch, 
0. 

.00010 
.00080 
.00066 
.00100 
.00170 
.00200 
.00810 


Inch. 
0. 

.00010 
.00020 
.00086 
.00086 
.00070 
00080 
.00010 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 
Tensile strength. 










0. 


0. 










.01280 
.OISIO 
.01870 


.01070 
.00080 
.00060 



























Oeneral wmmary. 

Tensile strength per square inch of original section pounds.. 94,000 

Elastic limit per square inch of original section do... 68,600 

Elongation per inch after rapture ^ inch.. .115 

Reduction in diameter at point of rupture do... .046 

Reduction in area after rupture, per cent of original section 16.9 

Position of rupture ^.66 from the neck 

Character of broken surface lUky, senated; opened numerous minute cracks in suiface of stem 

Elongation of inch aeotiODfl ".14*, ^09 
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6-IWOH R. F. GUNS. 

Jacket. 



No. 8004. 

Marks, otSe^ 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



Applied 

loads per 

square 

Tnch. 


Elongation 
per inch. 


Succeasiye 
elongation 
per Inch. 


Permanent 
set 


BacceaBlTe 

pennanent 

set 


Remarks. 


Pounds. 
1.000 
5,000 
10,000 
80.000 
40,000 
60,000 
60.000 
66,000 
66,000 
67,000 
68,000 
100,500 


Inch, 
0. 
.00010 
.00026 
.00095 
.00126 
.00160 
.00196 
.00220 
.00810 
.00620 
.00780 


JncA. 
0. 

.00010 
.00016 
.00070 
.00080 
.00026 
.00046 
.00026 
.00090 
.00810 
.00160 


InclL 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 































Oeneral summary. 

Tensile strength per Bqnare inch of ori^al section ponnds.. 100,600 

Elastic limit per square inch of original section do . . . 66, 000 

Elongation per Inch after rupture inch.. .116 

Elongation per inch under strain at elastic limit do. . . . 00220 

Reduction in diameter at point of rupture do... .046 

Reduction in area after rupture, per cent of original section 16.9 

Position of rupture * 66 from the neck 

Cliaracter of broken surface silky and granular metal interspersed; oblique 

Elongation of inch sections "^.14^'^09 



Marks, SSi 
Diameter, ".605. 
Sectional area, .20 
Gauged length, 2" 



6-inch r. f. o0n8. 
Jacket. 
No. 8005. 

square inch. 
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Applied 

loaas per 

Bqnare 

inch. 


Elonsation 
per Inch. 


Succearive 
elongation 
perlncb. 


Permanent 
Bet. 


SnocesriTe 

permanent 

set 


RemarkB. 


Poundt. 
1,000 
6,000 
10,000 
80,000 
40,000 
60,000 
66,000 
60,000 
66,000 
70,000 
72,000 
78,000 

ZJ'Sffi 
76,000 

101,600 


Inch, 
0. 

.00010 
.00020 
.00060 
.00110 
.00160 
.00170 
.00186 
.00200 
.00220 
.00226 
.01686 
.01666 
.01780 


Inch. 
0. 
.00010 
.00010 
.00060 
.00080 
.00040 
.00020 
.00016 
.00016 
.00020 
.00006 
.01810 
.00120 
.00126 


Inch, 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 











































General summary. 

Tensile strength per square inch of original section poonds.. 101,500 

Elastic limit per square inch of original section do... 72,000 

Elongation per inch after rupture inch.. .210 

Elongation per inch under strain at elastic limit do... .00226 

Seduction in diameter at point of rupture do... .U6 

Reduction in area after rupture, per cent of original section 40.8 

Position of rupture at the middle of the stem 

Characterof broken surface fine silky 

Elongation of inch sections ".22*. ".20* 
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Marks, ffir,M^ 

Diameter, ".505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



6-inch r. f. guns. 
Jacket. 
No. 8007. 



loadAper 
square 
Inch. 


Elongation 
per inch. 


Suoceniye 
elongation 
permch. 


Permanent 
seL 


Saooearive 

permanent 

set. 


Remarks. 


Pounds. 
1,000 
6,000 
10,000 
80,000 
40,000 
60,000 
66,000 
60,000 
65,000 
70,000 
78,000 
74,000 
75,000 
76,000 
U4,600 


Inch. 
0. 

.00015 
.00000 
.00100 
.00140 
.00176 
.00190 
.00200 
.00220 
.00246 
.00265 
.00276 
.00846 
.00406 


Inch. 
0. 

.00015 
.00016 
.00070 
.00040 
.00086 
.00016 
.00010 
.00020 
.00025 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 










0. 


0. 














.00010 
.00020 










.00070 
.00060 























General tummary. 

Tensile strength per square inch of original section pounds.. 114,500 

Elastic limit per square inch of original section do. . . 78,000 

Elongation per inch after rupture inch.. .196 

Elongation per inch under strain at elastic limit do. . . . 00266 

Reduc tion in diameter at point of rupture do. . . .105 

Reduction in area after rupture, per cent of original section 87.1 

Position of rupture ^.75 from the neck 

Character of broken surface silky 

Elongation of inch sections ".14, «'.26* 



6-IKCH B. V. OUN8. 
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Jacket. 



Marks, btjO 

Diameter, ''.505. 

Sectional area, .20 square inch. 

Gauged length, 2". 



No. 8009. 



loaoiBper 
BQuare 
inch. 


Elonntton 
per Inch. 


Succeniye 
elongation 
perlnch. 


Pennanent 
■et. 


Snccenive 

pennanent 

set. 


Remarks. 


I\}und». 
1,000 
6,000 
10,000 
80,000 
40,000 
60,000 
66,000 
60,000 

66,000 

66,000 
67,000 
68,000 
96,000 


Inch, 

0. 

.00015 
.00080 

.00096 
.00126 
.00160 
.06175 
.00196 
/ .00215 
t .01180 
.01246 
.01885 
.01660 


Inch. 
0. 

.00015 
.00015 
.00065 
.00090 
.00085 
.00015 
.00020 
.00020 
.00966 
.00065 
.00140 
.00165 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initlalload. 

|Elastiellmlt. 
TensUe strength. 










0. 


0. 







































Oeneral summary. 

Tensile itrength per Bqnare inch of original section poonds.. 96,000 

Elastic limit per square inch of original section do... 66,000 

Elongation per inch after rupture inch.. .215 

Elongation per inch under btrain at elastic limit do... .00215 

Beduction in diameter at point of rupture do... .146 

Redumion in area after rupture, per cent of original section 49. 1 

Position of rupture ".7 from the neck 

ChaiBcter of broken surface fine silky 

Elongation of inch sections ^.81*, *.12 
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6-INOH B. F, GUNS. 



Jacket. 



TLTo^Vo «RF88J 

Marks, mtjI 

Diameter, ".606. 

Sectional area, .20 square inch, 

Ganged length, 2". 



No, 8010. 



square 
Tnch. 


EloDcation 
per mch. 


Suooesrive 
elongation 
perlnch. 


set 


Successive 

permanent 

set. 

Inch. 

0. 

0. 


Bemarks. 


Pounds. 

5,000 
10,000 
80,000 
40,000 
60,000 
65,000 
60,000 
65,000 
68,000 
09,000 
70,000 
71,000 
72 000 
104,600 


Inek. 
0. 

.00010 
.00025 
.00095 
.00125 
.00160 
.00180 
.00200 
.00220 
.00245 
.00266 
.00640 
.00680 
• .00820 


Inch, 
0. 

.00010 
.00016 
.00070 
.00080 
.00085 
.00020 

.00020 
.00025 
.00010 
.00285 
.00140 
.00140 


Inch. 

0. 

0. 


Initial load. 

ElasUc limit. 
Tensile strength. 










0. 


0. 











































General gummary. 

Tensile strength per square inch of original section pounds. . 104, 500 

Elastic limit per square inch of original section do... 68,000 

Elongation per incn after rupture inch.. .200 

Elongation per inch under strain at elastic limit do. . . . 00245 

Reduction in diameter at point of rupture ' do... .135 

Reduction in area after rupture, per cent of original section 46. 2 

Position of rupture 1" from the neck 

Character of broken surface silky 

Elongation of inch sections M2,''.28* 



6-inoh b. f. guns. 
Jaokkt. 
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No. 8018. 
Marks, ^"^ 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Applied 

square 
inch. 


Elongation 
per mch. 


Snccessive 
elongation 
perlndi. 


Permanent 
set. 


SoccesBiye 

permanent 

set. 


Bemarks. 


Fottndg. 
1,000 
6,000 
10,000 
30,000 
40,000 
50,000 
60,000 
65,000 
68,000 

69,000 

70,000 
71,000 
108,000 


Inch, 
0. 

.00015 
.00080 
.00096 
.00185 
.00166 
.00200 
.00215 
.00225 
/ .00800 
t .01000 
.01090 
.01280 


Inch, 
0. 

.00015 
.00015 
.00066 
.00040 
.00030 
.00065 
.00015 
.OOdO 
.00076 
.00700 
.00090 
.00190 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit 
TensUe strength. ' 










0. 


0. 







































Oeneral mmmary. 

Tensile strength per square inch of orisrlnal section pounds.. 106,000 

Elastic limit per square inch of original section do... 68,000 

Elongation per inch after rupture Inch.. .170 

Elongation per inch under strain at elastic limit do... .00226 

Reduction in diameter at point of rupture do... .065 

Reduction in area after rupture, per cent of original section 80.7 

Position of rupture "^.8 from the neck 

Character of broken surface silky, oblique 

Elongatton of inch sections «'.28»,*.ll 

H. Doc. 22, 59-1 i 
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6-INGH B. F. GUITB. 



Jacket. 

No. 8100. 
Marks, ffl^ 
Diameter, ''.505. 
Sectional area, .20 square inch. 
Gauged length, 2". 



AppUed 

loads per 

square 

Inch. 


ElonsatiOD 
perlnoh. 


Successive 
elongatioD 
perlnch. 


Permanent 
set. 


Successive 

permanent 

set 


fiemarks. 


Pounds. 
1,000 
6,000 
10,000 
80,000 
40,000 
60,000 
66,000 
60,000 
66,000 
67,000 
68,000 
09,000 
70,000 
106,000 


Inch. 
0. 

.00016 
.00080 
.00100 
.00180 
.00170 
.00180 
.00200 
.00220 
.00226 
.00290 
.00600 
.01076 


Inch. 
0. 

.00016 
.00016 
.00070 
.00080 
.00040 
.00010 
.00020 
.00020 
.00006 
.00066 
.00810 
.00476 


InOL 

0. 

0. 


Inch. 

0. 

0. 


Inltialload. 

Elastic limit. 
Tensile strength. 










0. 


0. 







































Oerieral summary. 

Tensile strength per square inch of oriflfinal section poonds.. 106,000 

Elastic limit per square inch of original section d6... 67,000 

Elongation per inch after rupture inch.. .186 

Elongation per inch under strain at elastic limit do... .00226 

Reduction in diameter at point of rupture do... .096 

Seduction in area after rupture, percent of original section 84 

Position of rupture 1^ from the neck 

Character of broken surf ace silky 

Elongation of inch sections ''.28*, M4 



6-inoh r. f. guns. 
Jackst. 
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Marks, g^Si"^ 

T-X? A It 



No. 8103. 



JXUUKJS, BTeM 

Diameter, ".506. 

Sectional area, .20 square inch. 

Gauged length, 2''. 



Applied 

loadaper 

square 

Incli. 


Elongation 
permcb. 


SacceiMiye 
elongation 
permcb. 


Pennanent 
set 


SucceoBlTe 

pennanent 

set 


Bemarks. 


Pounds. 
1,000 
6,000 
10,000 
80,000 
40,000 
60,000 
56.000 
60,000 
66,000 
69,000 
70,000 
71.000 
72,000 
106,000 


Inch. 
0. 

.00010 
.00080 
.00096 
.00126 
.00166 
.00180 
.00200 
.00226 
.00266 
.00626 
.01000 
.01100 


Inch. 
0. 

.00010 
.00020 
.00065 
.00080 
.00080 
.00026 
.UU02U 
.00026 
.00090 
.00570 
.00176 
.00100 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit 
Tensile strength. 










0. 


0. 







































General summary. 

Tensile strength per square inch of original section pomids.. 106,000 

Elastic limit per square inch of original section do... 69,000 

Elongation per inch after rupture inch.. .200 

Elongation per inch under strain at elastic limit do... .00265 

Reduction in diameter at point of rupture do... .125 

Reduction in area after rupture, per cent of original section 48.8 

Position of rupture 1 ".10 from the neck 

Character of broken surface silky 

Elongation of inch sections ".21» ".19 
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6-inch b. v. ouns. 
Bbisbchblock. 



No. 8006. 
Marks, ^S?"* 
Diameter, ".605. 
Sectional area, .20 square inch. 
Gauged length, 2". 



loadAper 
sqiuire 
inch. 


per inch. 


SuoceoBive 
elongation 
perlnch. 


Permanent 

set. 


Succenive 

permanent 

set. 


Bemarki. 


Pounds, 
1,000 
6,000 
10,000 
80,000 
60,000 
66,000 
60,000 
66,000 
70,000 
76,000 
77,000 
78.000 
79,000 
80,000 
126,600 


Inch, 
0. 

.00010 
.00026 
.00066 
.00166 
.00176 
.00196 
.00216 
.00286 
.00260 
.00276 
.00860 
.00476 
.00666 


Inch. 
0. 

.00010 
.00016 
.00060 
.00070 
.00020 
.00020 
.00020 
.00020 
.00025 
.00016 
.00086 
.00116 
.00080 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial loud. 

Elastic limit. 
Tensile strength. 




0. . 0. 


1 






1 








i 






' 





General summary. 

Tensile strength per square inch of original section pounds. . 126, 600 

Elastic limit per square inch of original section do... 77,000 

Elongation per inch after rupture Inch.. .170 

Elongation per inch under strain at elastic limit do... .00276 

Reduction in diameter at point of rupture r do... .096 

Reduction in area after rupture, per cent of original section 34 

Position of rupture 1".06 from the neck 

Oharaoter of broken surface silky 

Elongation of inch sections ".19*, 'M6 



6-INCH R. F. GUNS. 
BB£BGHBIXX)K. 

No. 8078. 
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From forging S 8890. 

Marks, ^^ 

Diameter, ".506. 

Sectional area, .20 square inch. 

Gauged length, 2". 



Moare 
inch. 


Elongation 
per inch. 


SucoesBiye 
eloncatlon 
perincb. 


Permanent 

set. 


Succearive 

permanent 

Bet. 


Remarks. 


limndi. 

1,000 

6,000 

80,000 

60,000 

66,000 

60,000 

66,000 

66,000 

67,000 

68,000 

60,000 

70,000 

71,000 

106»000 


Inch. 
0. 

• 00080 
.00106 
.00176 
.00106 
.00206 
.00280 
.00240 
.00245 
.00290 
.00615 
.00025 
.01026 


Inch. 
0. 

.00080 
.00076 
.00070 
.00020 
.00010 
.00026 
.00010 
.00006 
.00045 
.00626 
.00110 
.00100 


IndL 

0. 

0. 


Inch, 

0. 

0. 


Initial load. 

Elastic limit 
TensUe strength. 


0. 


0. 















































Oeneral Suimmary. 

TensUe strength per square inch of original section pounds.. 106,000 

Elastic limit per square inch of original section do... 67,000 

Elongation per inch after rupture inch.. .200 

Elongation per inch under strain at elastic limit do... .00246 

Beduction in diameter at point of rupture do... .006 

Reduction in area after rupture, per cent of original section 84 

Position of rapture 1^.15 from the neck 

Character of broken surface silky 

^of InchiecUooa «'.18,*.22» 
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6-inch r. f. guns. 
Bbeeghblogk. 



No. 8074. 
Forging S 8515. 
Marks, ^Sr«^^ 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged lengtli, 2". 



AppUed 

loads per 

square 

Inch. 


EloD^tion 
per inch. 


Successiye 
elongation 
per inch. 


Permanent 
set. 


Successiye 

permanent 

set. 


Remarks. 


Pwinda, 
1,000 
5,000 
80,000 
50,000 
55,000 
60,000 
65,000 
70,000 
72,000 
73,000 
74,000 
75,000 
109,500 


Inch. 
0. 

.00010 
.00105 
.001B5 
.00195 
.00210 
.00230 
.00260 
.00260 
.01000 
.01050 
.01130 


Inch, 
0. 

.00010 
.00095 
.00080 
.00010 
.00015 
.00020 
.00020 
.00010 
.00740 
.00060 
.00080 


Inch. 

0. 

0. 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. 
Tensile strength. 


.00005 


.00005 











































General mmmary. 

Tensile strength per square inch of original section pounds.. 109,600 

Elastic limit per so uare inch of original section do . . . 72, 000 

Elongation per inch after rupture inch.. .175 

Elongation per inch under strain at elastic limit do. . . . 00260 

Reduction in diameter at point of rupture do . . - .105 

Reduction in area after rupture, per cent of original section 37. 1 

Position of rupture at the middle of the stem 

Character of broken surface silky 

Elongation of inch sections ".14, ".21* 



TABULATION OF TENSION SPECIMENS FROM 6-INCH R. R GUNS. 

STEMS 2" LONG, ".605 DIAMETER, 



No. of 
test. 



Position 
in gun. 



Location 
of speci- 
mens. 



Elastic 
limit 
per 

square 
inch. 



Tensile 
strength 

per 
square 
inch. 



Elon- 
tfon. 



Con- 
trac- 
tion 
of 
area. 



Appearance of 
fracture. 



Remarks. 



8008 Tube.... 

8011 ....do... 

8012 ....do 



8069 
8085 
8106 
8108 

8004 

8005 
8007 
8009 
8010 
8013 
8100 
8102 

8006 

8073 
8074 



do. 

do. 
....do. 
....do. 



Middle. 
....do.. 
....do.. 
....do.. 
....do.. 
....do.. 
....do.. 



Jacket . 

....do.. 
....do.. 
....do.. 
....do.. 
....do.. 
....do.. 
....do.. 



.do... 



....do... 
....do- 
Outside . 
Inside .. 
Middle.. 
....do... 
-...do... 



Breech- 
block. 
....do... 
....do... 



....do. 



.do. 
.do. 



Pound9. 
67,000 
68,000 
64,000 
60,000 
65,000 
64,000 
63,500 

65,000 

72,000 
73,000 
65,000 
68,000 
68,000 
67,000 
69,000 

77,000 

67,000 
72,000 



Pounda. 

109.600 
95,600 

104,000 
95,000 
99,500 
97,500 
94,000 

100,500 

101,500 
114,600 
95,000 
104.500 
103,000 
105,000 
106,000 

125,500 

106,000 
109,500 



Perct. 
20.5 
23.5 
22.5 
19.0 
19.0 
18.5 
11.5 

11.5 

21.0 
19.5 
21.6 
20.0 
17.0 
18.5 
20.0 

17.0 

20.0 
17.6 



Ferct. 
51.9 
49.1 
46.2 
27.4 
34.0 
80.7 
16.9 

16.9 

40.3 
37.1 
49.1 
46.2 
30.7 
34.0 
43.3 

34.0 

34.0 
37.1 



Silky 

do 

do 

do 

do 

Silky, serrated 

Silky and granular 

metal intcnspersed. 

Silky 

do 

do 

do 

do 

do , 

do 

do , 



Muzzle end. 
Breech end. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Muzzle end. 
Breech end. 
Muzzle end. 
Breech end. 

Do. 

Do. 



12-mCH STEEL B. L MORTARS. 



SPECIMENS FROM TUBE AND JACKET. 
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12-INGH 3TBEL B. L. MOBTABS. 

Tube. 

No. 8076. 
Marks, ^S^^ 
Diameter, ".664. 
Sectional area, .25 sqaare inch. 
Gauged length, 3". 



57 



Applied 

loads per 

square 

inch. 


Elongation 
permch. 


Succesrive 
elongation 
perlnch. 


Permanent 
set. 


Successiye 

permanent 

set. 


Remarks. 


PovntU. 
1,000 
6,000 
10,000 
80,000 
40,000 
44,000 
45,000 
50.000 
68,000 
54,000 
55,000 
56,000 
57,000 
58,000 
98,200 


IndL 
0. 
.000100 
.000288 
.000888 
.001188 
.001267 
.001800 
.001467 
.001667 
.001667 
.001867 
.002888 
.006288 
.004667 


Inch. 

0. 

.000100 
.000188 
.000600 
.000800 
.000184 
.000088 
.000167 
.000200 

0. 

.000200 
.000466 
.000900 
.001884 


Inch. 
0. 
0. 


Inch, 
0. 
0. 


Initial load. 

Elastic limit 
TensUe strength. 










6. 


0. 













































Oenaral summary. 

TensUe strength per square inch of original section pounds . . 96, 200 

Elastic limit per square inch of original section do... 54,000 

Elongation per inch after rupture inch . . .198 

Elongation per inch under strain at elastic limit do. . . . 001667 

Reduction in diameter at point of rupture do... .154 

Reduction in area after rupture, per cent of original section 47.2 

Position of rupture 1^.85 from the neck 

Character of broken surface silky 

Elongation of inchsections ".IS, ''.2»», "'.U 
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12-lNCH STEEL B. L. MORTABS. 

Jacket. 



No. 8076. 

Marks, gr^ 

Diameter, ".564. 

Sectional area, .25 square inch. 

Gauged length, 3". 



Applied 

loads per 

square 

inch. 


Elongation 
per inch. 


Successive 

elongation 

perinch. 


Permanent 
set. 


Successive 

permanent 

set. 


Remarks. 


1,000 
5,000 
10,000 
80,000 
40,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
90,800 


Inch. 
0. 

.000200 
.000833 
.001188 
.001567 
.001700 
.001767 
.001888 
.001967 
.002288 
.002567 
.006888 


Inch. 
0. 

.000200 
.000183 
.000600 
.000484 
.000188 
.000067 
.000066 
.000184 
.000266 


Inch. 
0. 
0. 


Inch. 
0. 
0. 


Initial load. • 

Elastic limit 
Tenrile strength. 






.000100 
.000167 


.000100 
.000067 
















.001266 




1 




1 1"" "" 



General summary. 

Tensile strength per square inch of original section pounds.. 90,800 

Elastic limit per square inch of original section do . . . 46, 000 

Elongation per incti after rupture inch . . .200 

Elongation per inch under strain at elastic limit do ... . 001833 

Reduction in diameter at point of rupture do . . . .134 

Reduction in area after rupture, per cent of original section 41.9 

Position of rupture ".75 from the neck 

Character of broken surface silky, trace of granulation 

Elongation of inch sections ".12, ".13, ".85* 



STEEL CASTINGS FOR GUN CARRIAGE WORK. 
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STEEL CASTINOS FOB OUN OABBIAOE WORK. 
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STEEL CA8TIJNrG8 FOR GUN GABRIAQE WORK. 
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.STEKL FORGING8. 

FORGED STEEL. 

From Watbrtown Arsenal Smith Shop. 

76-MILLIMETER MOUNTAIN OUN CARRIAGES. 



73 









Elftstlt 


Ttiii^lle 




Con- 
trac- 
tion of 
area. 






Marks. 


Di- 
ame- 
ter. 


8ec- 
tiona] 
are.. 


limit 
per 

ineh. 

_ 




Elon- 
tfon. 


Elongation 
of Inch 
sections. 


Appearance of frac- 
ture. 




Inch. 


Sq. in. 


PuuuiU. 


Ptrd. 


PercL 


n n 


lYFl 


.605 


.20 


.^,U00 


H$,OtlO 


18.0 


61.9 


.08, .28* 


Pine silky. 


2YP2 


.506 


.20 


5^2, :m 


91, ut© 


17.0 


49.1 


.06, .29« 


Do. 


1YP2 


.506 


.20 


lk),.iOQ 


lUSf,500 


16.6 


87.1 


.09, .24« 


n-o. 


1YF50 


.605 


.20 


iXi.&UU 


100,600 


28.0 


46.2 


.38* .18 


1YP16 


.506 


.20 


47.600 


102,000 


19.0 


80.7 


.20»,.18* 


Silky, 80 per cent; 
granular, 20 per 
cent. 


1YF5 


.606 


.20 


^5,^iM) 


80, MX^ 


29.6 


49.1 


.8»»,.20 


Silky. 


1YF5-2 


.606 


.20 


■lajJOO 


67,fiaO 


86.6 


66.9 


.88*,. 88* 


Fine silky. 


YF83-1 


.606 


.20 


3,^,000 


59,000 


36.5 


66.9 


.82, .41* 


Silky; cap-shaped. 


YF8»-2 


.605 


.20 


»4,000 


W.500 


86.0 


64.7 


.36*,. 84* 


^"''k 


1YF6-8 


.606 


.20 


4a. 000 


M7,f«J 


22.6 


64.6 


.86*,. 10 


182F 


.506 


.20 


h'K ^%) 


\m.fm 


19.6 


87.1 


.12, .27* 
.44*,. 21 


Do. 


lYFl 


.505 


.20 


r^j,^\) 


67,000 


82.1 


64.6 


Fine silky. 


1YF2 


.606 


.20 


111. «N 1,1 


62,500 


84.0 


64.7 


.32*,. 86* 


Do. 


160F 


.606 


.20 


Is.-pOO 


92,501) 


20.6 


48.8 


.11, .80* 


Silky. 


280F 


.606 


.20 


i^.fm 


82,000 


29.0 


64.7 


.28, .80* 


Pine silky. 


267F 


.606 


.20 


;iO,870 


mfS40 


87.6 


68.2 


.62*,. 28 


Do. 


271F 


.469 


.166 


4tf.090 


73,ft,S0 


26.0 


67.9 


.11, .39 


Do. 



3-INCH FIELD GUNS. 



36BC I .506 

64BC , .506 
66BC I .506 
72BC .506 



86BC8 
64BC8 
66BC8 
72BC8 
86BC4 



.506 
.606 
.506 
.506 
.506 



&4BC4 .606 

&6BC4 I .506 
72BC4 .506 

S7BC6 I .505 



68BC6 .505 
66BC6 I .506 



71BC6 
87BC 
68BC 
66BC 
71BC 
87BC7 
6SBC7 
66BC7 
71BC7 
77BC1 
66BC8 
71BC8 
78BC1 
79BC 
79BC 
80BC 
92BC 



.600 

I .505 

, .506 

.605 

I .606 

I .605 

.606 

.606 

.606 

.606 

.605 

.506 

.506 

.606 

.506 

.606 

.506 



.20 


70,000 


108,000 


6.0 


9.5 


.20 


71.000 


100,000 


8.5 


6.7 


.20 


70,600 


114,000 


17.0 


40.8 


.20 


78,600 


117,600 


12.5 


20.5 


.20 


88.000 


82,000 


21.0 


87.1 


.20 


89.000 


84,500 


14.6 


28.9 


.20 


88,000 


81,500 


20.0 


87.1 


.20 


40,000 


84,500 


16.6 


20.6 


.20 


40,500 


88,600 


10.0 


13.2 


.20 


42,000 


80,500 


7.0 


9.6 


.20 


89,000 


84,000 


17.0 


87.1 


.20 


42,000 


85,500 


9.0 


9.6 


.20 

1 


47,000 


90.500 


16.0 


28.9 


.» 


62,600 


89,000 


20.6 


80.7 


.20 


45,600 


79.000 


6,0 


9.5 


.196 


44,900 


87,240 


18.6 


29.1 


.20 


48,600 


88.500 


12.6 


16.9 


.20 


42,500 


84,600 


16.6 


20.6 


.20 


45,500 


88,500 


17.0 


27.4 


.20 


46.000 


88,000 


21.0 


80.7 


.20 


43.000 


88,000 


22.0 


87.1 


.20 


42,000 


86,000 


20.0 


84.0 


.20 


44,500 


95.500 


8.6 


13.2 


.20 


40,500 


86,000 


16.0 


87.1 


.20 


48.000 


98,500 


28.5 


40.8 


.20 


44.000 


83.600 


16.0 


40.8 


.20 


41,500 


84,600 


19.5 


40.8 


.20 


66,000 


97,600 


9.5 


18.2 


.20 


64,000 


98,000 


22.0 


37.1 


.20 


46,000 


94,500 


21.0 


34.0 


.20 


48.000 


76,500 


30.0 


64.7 


.20 


58.500 


79.500 


82.0 


71.3 



.04, .09> 

.05*,. 02 
.21*,. 13 
. 18*. . 12 
.18, .29* 
.09, .20* 
.2»*,.12 
.17*,. 14 
.08, .12* 



.05, .09* 



.08, .26* 
.07, .11* 

.16, .17* 



.16, .26* 
.08*,. 04 

.22*,. 16 
.10, .15* 
.14, .17* 
.20*,. 14 
.21*. 21* 
.18, .28* 
.22*,. 18 
.08. .09 
.08, .24 
.17, .80* 
.27*,. 06 
.28*,. 11 
.08, .11* 
.80*,. 14 
.16, .27* 
.16, .44* 
.16, .48* 



Granular; flaky 
spot. 
Do. 
Silky. 

Granular; silky spot. 
Silky. 
Silky; oblique. 

Granular, 4 per 
cent: gray ser- 
rated. 60 per cent. 

Granular, 80 per 
cent; gray ser- 
rated, ^percent. 

Silky. 

Granular; flaky 
spot. 

Pine, granular. 60 
percent; silky, 40 
per cent. 

Silky. 

Granular; flaky 
spot. 

SUky. 

Granular, silky spot. 

Silky. 

Granular: silky spot. 

Sllkv. 
Do. 
Do. 

Granular. 

Silky; oblique. 

Silky. 

Dullsilky; serrated. 

Pine silky. 
Do. 



74 STEEL F0RGINQ8. 

FORGED STEEL— ConimMed, 
From Watertown Arsenal Smith Shop — Continued. 

6-INCH R. F. GUNS. 



Marks. 


Di- 
ame- 
ter. 


Sec- 
tional 
area. 


Elastic 

limit 

per 

square 
inch. 


Tensile 
strength 

per 
square 
inch. 


Elon- 
tion. 


Con- 
trac- 
tion of 
area. 


Elonsration 
of inch 
sections. 


Appearance of frac- 
ture. 


5R20RB2 
6R20RB3 


Inch. 
.605 
.605 


Sq. in. 
.20 


Pounds. 
66,000 
38,600 


Pounds. 
114.600 
91,500 


Perd. 
10.0 
22.0 


Perct. 
13.2 
37.1 


.13*,. 07 
.13, .31* 


Grannular. 

Silky, 60 per cent: 

granular. 40 per 

cent. 



6-INCH R. F. GUNS. 



1-«RFGC 


.360 


.102 


102.940 125,390 


14.5 


61.9 


.06, .23* 


Fine silky. 


2-6RFGC 


.360 


.102 


96.080 


122,660 


15.5 


51.9 


.07. .24* 


Do. 


6RFGC1 


.40 


.126 


70,630 


120,630 


13.6 


43.7 


.20*,. 07 


Do. 


6RFGC35 


.40 


.126 


76.190 


127,780 


10.0 


43.7 


. 15*. . 05 


Do. 


6RFGC74 


.40 


.126 


77.780 


125,400 


12.6 


36.5 


.05, .20* 


Do. 


6RFGC1-2 


.40 


.126 61.600 


99.200 


25.0 


54.4 


.35*.. 15 


Do. 


6RFGC35-2 


.40 


.126 60,800 ' 100,000 


26.5 


64.4 


.33*,. 18 


Do. 


6RFGC74-2 


.40 


.126 84,000 


116,000 


17.5 


47.2 


.09, .26* 


Do. 


6RFGC1-3 


.40 


.126 1 145,600 


176.800 


7.0 


36.0 


.02, .12* 


Sllkv. 


6RFGC35-3 


.396 


.125 100,800 


146,600 


10.5 


47.2 


. 12*. . 09* 


I>o. 


6RFGC74-3 


.40 


.126 


134,400 


162,400 


10.6 


47.2 


.17*.. 04 


Do. 


6RFGC1-I 


.40 


.126 


100,800 


123,200 


13.5 


47.2 


.21*,. 06 


Fine silky. 


6RFGC36-1 


.40 


.126 


107,200 


126,400 


14.6 


50.4 


.05, .24* 


Do. 


6RFGC74-4 


.40 


.126 107,200 


131,200 


16.6 


47.2 


.08, .23* 


Do. 



6-INCH DISAPPEARING CARRIAGES. 



4RRF10-2 
IRRFIO 
18RRF6 

3RRF10-2 



3RRF10-1 

14RRF 
15RRF 
16RRF 
17RRF 
18RRF 



19RRF 
7RRF10 
16RRF17 

3RRF10 

164-168RRF 

9RRF10 

40RRF10 
24RRF10 
3RRF10-3 



89RRF10 
76RRF10 
32RRF10 

54RRF10 

1-24RRF27 

82RRF10-2 

40RRF10 

24RRF10 

89RRF10-2 

9RRF10-2 

164-168-8 

1RRF9 



.505 
.606 
.505 
.505 



.606 

.505 
.505 
.505 
.606 
.505 



.506 
.505 
.505 

.505 
.505 
.605 

.505 
.5a5 
.505 



.505 
.505 
.505 

.505 
.505 
.605 
.506 
.505 
.505 
.606 

. Ga*) 

.505 



52,000 
38,000 
63.000 
61.000 



68,000 

60,500 
52,500 
44,000 
55,500 
56,500 



61.500 
49,000 
35,500 

66,000 
45,500 
40.500 

41,000 
41.500 
46.000 



41,000 
42.000 
41.500 

42,000 
56,500 
54,000 
69,000 
69,500 
67,000 
69.500 
49,000 
56,500 



108,000 


18.5 


76,000 


31.6 


104,600 


21.6 


113,500 


14.6 


114,500 


16.0 


114,600 


18.0 


106.600 


18.0 


77,500 


29.6 


111.500 


17.5 


114,500 


16.0 


104,000 


20.5 


101.500 


17.5 


80,500 


23.0 


115.500 


14.5 


77,000 


2.5.5 


94,500 


19.5 


93,500 


22.0 


93.000 


21.0 


103.500 


17.5 


92.000 


22.5 


93,000 


21.5 


93,500 


20.5 


94,600 


20.0 


104.600 


22.0 


91,000 


26.5 


116,600 


20.6 


114,500 


20.0 


110,600 


22.0 


100, r,oo 


23.0 


76,000 


29.5 


112,500 


16.0 



34.0 


.18, 


.19* 


''^io. 


69.8 


.23, 


.40* 


37.1 


.22*, 


.21* 


Do. 


34.0 


.08, 


.21* 


Granular. 50 per 
cent; silky. 50 per 
cent. 


27.4 


.10, 


.20* 


Granular; dull, 
silky spot. 


37.1 


.20*. 


.16* 


Silky. 


•M.O 


.10. 


.26* 


bo. 


54.6 


.17, 


.42* 


Fine silky. 


87.1 


.10, 


.25* 


Silkv. 


30.7 


.11, 


.21* 


Silky. 60 per cent: 
granular. 40 per 
cent. 


37.1 


.21*, 


.20* 


'"%. 


40.3 


.25*. 


.10 


37.1 


.15. 


.31* 


Silky; traceof gran- 
ulation. 


34.0 


.20*. 


.09 


Do. 


54.6 


.38*, 


.13 


Fiue.«»ilky. 


34.0 


.26*. 


.14 


Silky; trace of gran- 
ulation. 


37.1 


.25*, 


.19 


Do. 


37.1 


.28*. 


.14 


Do. 


30.7 


.16, 


.19* 


Granular. 60 per 
cent; silky, 40 pei 
cent. 


37.1 


.26*, 


.19 


Silky. 


37.1 


. IC. 


.27* 


Do. 


37.1 


.27*. 


.14 


Silky: trace of gran- 
ulation. 


37.1 


.28*, 


.12 


Do. 


46.2 


.31*. 


.13 


Fine silky. 


46.2 


.27* 


.20* 


Silky. 


51.9 


.31*. 


.10 


bo. 


49.1 


.10. 


.30* 


Do. 


51.9 


.34*, 


.10 


Do. 


51.9 


.11, 


.36* 


Do. 


69. S 


.38* 


.21 


Do. 


27.4 


.22* 


.10 


Dull silky, 85 per 
cent; granular. 16 
percent 
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FORQED STEELf—Coui\HMeA. 
Fbom Watertown Arsenal Smith Shop — Continued. 

6-INCH DISAPPEARING CARBIAGES-Continued. 



Murkri. 



tte. I area. 



— I — 

Inch. So. ttt. 
.505 I .*m 

.505 , .2(} 
.602 1 .1^9 
.50(2 A^ 



.606 
..506 
,505 
.50^ 
.505 
.605 
.605 
.606 
.,W5 
..W5 
.50^ 

,505 
.505 

,5ec> 

.606 

,50ii 
.606 
.505 
.506 

,,■505 
.506 

.506 
.505 
.606 
.505 
.505 
.505 
.605 
.505 
.505 
.505 
.505 
.606 
.505 
.505 
.505 



ElasUc 

limit 

per 

square 
inch. 



Tensile 
strength 

per 
square 
inch. 



Elon- 
tfon. 



Con- 
trac- 
tion of 
area. 



Elongation 
of inch 
sections. 



Appearance of frac- 
ture. 



9RRFB 

13RRFU 

l7RaF9 . 

71RRF1D 

IRRPIO 

2RRF10 

nuRFio-a 

TlRRFltJ-^ 
21RRF^ 1 
36RRP9 
SdRRF^ 
3SRHP9 I 
1RRF4 
2RRr4 
1RRF4-2 
2RRF4-2 

1KRP4-3 ' 
UKKFW 
11RRF41 
UItRFi2 ' 
1RRF31 
IfJKRFai I 
16RRF;!*1 
TRRPja 
1RRFS& 
aiRRFl 



S7RRF9 

«)RRFg 

iSRRFU I 

lORRFy ' 

49RRF9 

52RRF9 

65RRF9 

58RRF9 

60RRF9 

F81 

188F 

22RRF5 

2e9F 

270F 

269-2 



270F ! .505 
848F I .505 



635F .505 



847F 
656F 
661F 
645F 
666F-2 

661F-2 



.505 
.505 
.505 
.505 
.505 

.505 



.20 
.20 
.30 
.20 
.2(1 
.20 
.*2U 
.20 
.20 
.20 
,20 

.211 
.20 
.20 
.20 
.20 
.20 
.20 
20 
.20 
.20 

.20 
.20 
.20 
,2l> 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

.20 



.20 



.20 
.20 
.20 
.20 

.20 



Pound*, 
51,000 
54,500 
57,500 
40.400 
46,460 

57,500 
41,000 
48,500 
58,000 
57,000 
51,000 
57,500 
45.500 
54,000 
41,000 
46,000 

45,000 
53,000 
56.500 
50,500 
56,000 
51,000 
47,500 
44,500 
54,500 
44,000 

52,000 
58.000 
52,000 
52,000 
52,500 
51,500 
51,600 
51.500 
51,000 
59,000 
62,000 
52,500 
52,500 
47,000 
48.600 



Pownds. 
100,000 
100,000 
101.000 
90,910 
99,490 

114,500 
91.000 
101,000 
99.500 
100,000 
99,500 
98,500 
102,500 
106.500 
101,000 
104,000 

92,500 
98.000 
92.000 
100.500 
100,500 
102,000 
97.500 
95.500 
106,000 
90,000 

97,000 
101,000 

99,000 

99,000 
104,500 
108,500 
101,500 
101,500 
102.000 
107,000 

93,500 
104,500 
108,500 
104,000 
107,500 



Perct. 
19.5 
21.5 
20.0 
22.0 
19.5 
I 

18.5 ; 

22.0 
20.5 
22.0 
21.5 
22.0 
22.5 I 
14.0 I 
14.0 I 
14.5 I 
17.5 I 



52.500 
70,500 
63,000 
37,000 
57,000 

64,500 



106.000 
126,000 
113.000 
72,500 
117,500 

118,000 



21.0 
8.0 
15.0 
29.5 
15.0 

18.0 



PercL 
, 87.1 
43.8 
40.8 
86.4 
88.3 

80.7 
87.1 
37.1 
87.1 
87.1 
40.3 
16.2 
16.9 
20.5 
16.9 
80.7 



23.0 


51.9 


20.5 


46.2 


25,5 


62.2 


20.5 


43.3 


22.0 


40.3 


21.5 


37.1 


22.0 


40.3 


21.0 


37.1 


20.0 


30.7 


22.0 


40.3 



22.5 

22.0 ; 

25.5 
21.5 
19.0 
18.0 I 
20.0 I 
21.0.1 
21.5 
20.0 ' 
24.5 I 
21.0 
11.5 ' 
14.5 i 
16.5 I 



49,500 107.500 18.5 , 
60,500 ' 86,000 | 17.0 

86,500 '. 83.000 I 22.0 



46.2 
46.2 
40.3 
46.2 
43.3 
37.1 
43.8 
48.8 
48.3 
80.7 
43.3 
87.1 
20.5 
20.5 
27.4 

80.7 

30.7 

34.0 

87.1 
13.2 
23.9 
46.2 
80.7 

34.0 , 



.29*, 

.27* 

.11, 

.28*. 

.27*, 

.28, 

.16. 

.29*, 

.30*, 

.11, 

.18, 

.88*, 

.11, 

.20, 

.12. 

.23*, 

.18. 

.10. 

.15, 

.10, 

.16, 

.28*. 

.18, 

.13, 

.17. 

.31*. 

.18. 

.30*. 

.28* 

.30* 

.29*. 

.11, 

.11, 

.80*, 

.30*, 

.24*. 

.2©*, 

.25*, 

.07, 

.11. 

.21*, 

.22*, 

.12, 



.10 
.16 
.29* 
.16 
.12 

.14 

.28* 

.12 

.14 

.80* 

.31* 

.12 I 



Do. 

Do. 
Silky; trace of gran- 
ulation. 
8ilk\\ 

Do! 
Do. 
Do. 
Do. 
Do. 



17* Granular. 
.08 Do. 



I 



17* Granular; gray spot. \ 
'" Silky; trace of gran- ' 



12 

ulation. 

.33* Fine silky. 

.31* Do. 

.86* Do. 

.81* Do. 

.28* Silky. 

. 15 Do. 

.31* Do. 

.29* Do. 

.28* Do. 

. 18 Silky; trace of gran- 
ulation. 

.32* Silky. 

.14 Do. 

.23* Do. 

.13 Do. 

.09 Do. 

.25* Do. 

.29* Do. 

.12 Do. 

. 18 Do. 

.16 Silky; oblique. 

.28* Fine silky. 

.17 Silky. 

. 16* Granular. 

.18* Do. 

.12 Granular; silky 

center. 
15 Silky; trace of 
granulation. 

22* Gray; amorphous; 
opened oracks in 
stem. 
.20*,. 24* Silky; trace of 

f:ranulation. 
ky. 
.06, .10* Fine granular. 
.11, .19* Granular. 
.80*,. 29 Silky. 
.09, .21* I Fine granular: 

I silky center. 
.10, .26* Do. 
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STEEL FORGING8. 



FORGED *9rJ5J5;i/— Continued. 
Fbom Watertown Arsenal Smith Shop — Continued. 



6-INCH BARBETTE CARRIAGES. 



1 






Elastic 


Tensile 




r^^.^ 






Marks. 


Di- 
ame- 
ter. 


Sec- 
tional 
area. 


limit strength 

per per 

fiquare square 


^^' , trac- 
^g^^ tionof 
"*''*■ area. 


Elongation 
of inch 
sections. 


Appearance of frac- 
ture. 








inch. inch. 








Inch. 


Sq. in. 


Pounds. 


Pounds. 


PercL 


Perd. 


// // 




1BBF66 

1 


.ftOB 


.'20 


58,000 


102,600 


21.0 


80. 7 


.28»,.19« 


Silky, 65 per cent; 
iiue granular, 36 
















per cent. 
Silky, 20 per cent: 


1BBF6 


..■Wft 


.ao 


51,500 


105,600 


18.5 


27.4 


.17, .20* 


















granular, 80 per 


















cent. 


IF 


.605 


.20 


46,500 


88,000 


26.6 


49.1 


.21, .82« 


«'%. 


80F 


.505 


.20 


60,500 


108,600 


20.0 


40.8 


.11, .29* 


1F2 


.506 


.20 


46,500 


89,500 


22.6 


46.2 


.12, .88 


Do. 


151 F 


.506 


.20 


54.500 


114,500 


16.6 


84.0 


.23*,.10 


Do. 


488F 


.505 


.20 


66,000 


108,600 


17.0 


27.4 


.17*,.17 


BIlkT; trace of 
















granulation. 


1-9BBF7 


.505 


.20 


57,500 ! 96,500 


20.5 

PAR c; 


43.8 


.11. .:^o♦ 


Fine Kilky. 




7-INCH MOR' 


LRRIA< 


iE. 

.28»,.07 




634 F 


..^ 


.20 


62,500 


99,000 


17.6 


49.1 


Fine silky. 



728F I .505 
723P .605 I 



8-INCH DISAPPEARING CARRIAGE, 



.20 I 51,500 
.20 I 66,600 



87,000 
108,000 



30.0 
28.0 



57.2 .39*,. 21 Fine silky; cup 

I I shaped. 

59.8 .14. .32* Do. 



^INCH BARBETTE CARRIAGE. 



1EF40 I .rjOft 1 
1EF41 , .v*S^ \ 



.20 
.20 



49,000 
49,500 



94,500 
91,000 



25.0 
25.0 



40.3 
46.2 



.17, .38* 
.15, .85* 



Silky. 
Do. 



10-INCH DISAPPEARING CARRIAGES. 



2AAF10-1 


.505 


3AAF10-2 


.606 


4AAF10 


.505 


5AAF10 


..W. 


1AAF68 


.5ft> 


17AAF5 


..■JOo 


19AAF5 


.sa-) 


9BAAF10 


.505 


102AAF10 


.6a5 


lUAAFlO 


.505 


24AAF5 


.505 


1AAF64 


.505 


21AAF6 


.505 


lAAFM 


.505 


3AAF9 


.505 


3AAF8 


.506 


4AAF8 


.505 


1AAF12 


.505 


6AAF9 


.500 


5AAF40 


.505 


16AAF81 


.605 



.20 
.20 
.20 



.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.'20 



.20 
.20 
.20 
.20 
.20 



.20 
.196 
.20 
.20 



46.000 
46,500 1 
47,500 

47,500 
54,500 
52.500 
63,000 
58,000 
53.000 
58.500 
49,000 
48.500 



66,000 
52.040 
55,000 I 
48,000 I 
5.5,500 



54,000 
53, 570 
59,000 i 
50.000 , 



94,500 
98,500 
103,500 



21.5 
21.0 
18.5 



99,500 
98.500 , 
94,000 I 
106,000 : 
109.500 { 
103,500 
112,000 I 
102,500 I 
99,500 i 



104,500 
108,060 
101,500 
102,000 
108,500 



95.000 
102,040 

97,000 
100,500 



22.5 
24.0 
26.0 
19.0 
20.0 
21.0 
18.5 
20.0 
16.5 



I 



21.6 
10.0 
20.0 
16.5 
17.0 



I 



23.0 
20.0 
26.5 
18.0 



I 



87.1 


.26*. 


.17 


Silky. 


40.8 


.29*. 


.13 


Do. 


30.7 


.17, 


.20* 


Granular, (M) per 
cent: silky, 40 per 














cent. 


40.8 


.28*, 


.22* 


Silky. 


46.2 


.18, 


.80* 


Do. 


49.1 


.20, 


.32* 


Fine silky. 


40.3 


.11, 


.27* 


Do. 


40.3 


.25*. 


.15 


Silky. 


37.1 


.17, 


.25* 


Do. 


34.0 


.21*. 


.16 


Silky and granular. 


37.1 


.26*. 


.14 


Silky. 


80.7 


.10, 


.28* 


Granular, 50 per 
cent; silky, 50 per 
cent. 


40.8 


.28*, 


.15 


Pine silky. 


11.7 


.12*, 


.08 


Granular. 


43.3 


.31*, 


.09 


Silky. 


28.9 


.20*. 


.11 


Granular:silky.<)pot. 
Granular, 86 per 


28.9 


.11, 


.28* 








cent; silky, 15 per 








cent. 


37.1 


.20*, 


.26* 


Silky. 


44.9 


.31*, 


.09 


Do. 


49.1 


.33*. 


.20 


Do. 


37.1 


.27*. 


.09 


Silky, 80 per cent; 
fine granular, 20 
per cent. 
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FORGED STEEL-GoniuiMeA. 
From Watbrtown Arsenal Smith Shop — Continued. 

lO-lNCH DISAPPEARING CARRIAGES-Continued. 









Elastic 


Tensile 




Con- 
trac- 
tion of 
area. 




1 


Marks. 


Di- 
ame- 
ter. 


Sec- 
tional 
area. 


limit 

per 

square 

Inch. 


strength 

per 
square 
inch. 


£lou- 
tfon. 


Elongation 
of inch 
sections. 


Appearance of frac- 
ture. 

1 
1 




Inch. 


Sq.in. 


Pounda. 


Poundn. 


Pcrd. 


Perct. 


u n 




6AAF40 


.505 


.20 


61,000 


96.600 


22.6 


87.1 


.12, .38* 


Silky; trace of gran- | 
ulation. 


1AAF64 


.505 


.20 


36.500 


89,000 


20.5 


84.0 


.27*,. 14 


Silky. 


1AAF50 


.500 


.196 


51,530 


101,530 


21.0 


42.8 


.16, .26* 


Fine silky. 


1MF60 


.805 


.20 


51,500- 


101,500 


20.0 


34.0 


.20, .20* 


Do. 


1AAF64 


.505 


.20 


49,000 


100,500 


20.0 


87.1 


.12, .28* 


Silky. 1 


9AAF84 


.606 


.20 


68,000 


116.000 


16.0 


87.1 


.28*,. 09 


Silky, 60 per cent; i 
granular, 40 per 
cent. 


6AAF51 


.605 


.20 


56,000 


99,500 


21.5 


48.8 


.80*,. 18 


Silky. 
Ik). 


1AAF41 


.506 


.20 


60,500 


98,000 


21.0 


40.3 


.14, .-28* 


84F 


.506 


.20 


62,000 


104,500 


21.5 


87.1 


.16, .27* 


Do. 


188F 


.505 


.20 


66,000 


82,500 


28.0 


62.2 


.20. .36* 


Do. 


141F 


.605 


.20 


42,500 


72,500 


28.0 


59.8 


.23, .83* 


Do. 


91F 


.506 


.20 


61,000 


108,500 


19.5 


40.3 


.29*,. 10 


Do. 


188F 


.506 


.20 


57,500 


89,500 


26.0 


62.2 


.26*,. 25* 


Fine silky. 


141F 


.505 


.20 


56,000 


83.500 


24.0 


62.2 


.11, .87* 


Do. 


286F 


.505 


.20 


61,000 


92,000 


24.0 


64.7 


.09, .89* 


Do. 


240F 


.505 


.20 


69,500 


114,000 


17.5 


87.1 


.26*,. 10 


Granular: silky cen- 
ter. 
Silky. 


243F 


.506 


.20 


64,000 


96.000 


23.0 


48.3 


.14, .82* 


817F 


.605 


.20 


62.500 


97,000 


10.0 


9.5 


.08, .12* 


Serrated; oblique. 


382F 


.606 


.20 


61,0C0 


102,500 


19.0 


40.8 


.10, .28* 


Silky. 


275F 


.506 


.20 


49.000 


98,500 


18.5 


87.1 


.10, .27* 


Silky; trace of gran- 
ulation. 


















28SF 


.506 


.20 


43,000 


77.500 


29.0 


49.1 


.39*,. 19 


Silky. 


801F 


.505 


.20 


67,500 


95,000 


2.5 


1.8 


.08*,. 02 


Coarse granular. 


SWF 


.605 


.20 


62,000 


99.500 


15.5 


87.1 


.08, .23* 


Silky. 


817F-2 


.506 


.20 


61,000 


99,500 


17.0 


27.4 


.21*. 18 


Silky; oblique. 
Opened cracks in 
stem. 


890P 


.506 


.20 


40,500 


77,500 


30.5 


67.2 


.86*,. 25 


Fine silky. 


489F 


.506 


.20 


43,000 


84.500 


26.5 


46.2 


.86*,. 18 


^''V 


467F 


.505 


.20 


39,500 


78.000 


29.5 


51.9 


.19, .40* 


485F 


.505 


.20 


39,500 


63,000 


88.5 


57.2 


.22, .45* 


Fine silky. 


688F 


.506 


.20 


40,500 


60,500 


37.5 


64.7 


.81, .44* 


Do. 


681F 


.506 


.20 


40,000 


61,000 


35.5 


62.2 


.22, .49* 


Do. 


841F 


.505 


.20 


46,500 


75.500 


27.0 


40.8 


.27*,. 27* 


«•%. 


482F 


.506 


.20 


48,000 


92,000 


23.0 


43.8 


.32*,. 14 


638F 


.506 


.20 


42,600 


56,500 


40.5 


71.8 


.88, .48* 


Fine silky; cup- 
shaped. 


639F 


.506 


.20 


44.600 


56,000 


89.5 


71.3 


.26, .58* 


Da 


390F 


.506 


.20 


61.000 


88,500 


24.0 


46.2 


.11, .37* 


Do. 


489F 


.506 


.20 


53,000 


94,500 


28.5 


51.9 


.22*,. 25* 


Do. 


467F 


.505 


.20 


53,000 


88,000 


25.5 


57.2 


.13, .38* 


Do. 


M2F 


.505 


.20 


65,000 


92,500 


27.5 


57.2 


.35*,. 20 


Do. 


682F 


.605 


.20 


47,000 


85,500 


17.0 


20.6 


.20*,. 14 


Granular; silky spot 


744F 


.506 


.20 


61,600 


92,000 


27.0 


54.6 


.88*,. 16 


Fine silky ; cup- 
shaped. 
Do. 


746F 


.506 


.20 


57,000 


96,500 


24.0 


54.6 


.12, .36* 


682F-2 


.506 


.20 


52,500 


90.500 


21.5 


59.8 


.09, .84* 


Do. 


748 


.505 


.20 


57,500 


88,000 


27.0 


5L9 


.15, .41* 


Do. 


742F 


.505 


.20 


47,000 


77,000 


27.0 


51.9 


.14. .40* 


Do. 


740F 


.506 


.20 


45,500 


82,000 


29.0 


61.9 


.19, .89* 


Do. 



12-INCH DISAPPEARING CARRIAGES. 



1ZF6 


.606 


IZFl 

4ZF5 

81ZF8 

98ZF8 

1ZF34 

78ZF10 


.606 
.505 
.506 
.506 

.505 
.506 


86ZF10 


.WS 



20 44,000 98,500 19.0 



56,500 
66,500 
53,000 
46,000 
54,000 
43,500 



89,500 

98,500 
105,600 

96,500 
108,500 

98,000 



25.5 
24.5 
17.0 
19.5 
17.5 
21.5 



42,500 I 95,600 17.0 



'27.4 .22*,. 16 



46.2 • 
49.1 i 
80.7 ; 
27.4 
87.1 ' 
80.7 

2:^.9 , 



.86*,. 15 
.16, .88* 
.10, .24* 
.19*,. 20* 
.25*.. 10 
.2»»,.16 

.12. .22* 



Granular, 70 per 
cent; silky, 30 per 
cent. 

Granular: silky spot. 

Do. 
Silky. 
Silky; trace of 

granulation. 
Granulnr. 85 per 

cent; silky. 15 per 

cent. 



78 STEEL rORGINGS. 

FORGED ^rJE^X— Continued. 
From Watertown Arsenal Smith Shop — Continued. 

12-INCH DISAPPEARING GARRIAOES-Continued. 



• 






Elastic 


Tensile 




Con- 
trac- 
tion of 
area. 






Marks, 


Di- 
ame- 
ter. 


Sec- 
tional 
area. 


limit 

per 

square 

inch. 


strength 

per 
square 
inch. 


Elon- 
tSn. 

Pvct. 


Elongation 

of inch 

sections. 


Appearance of frac- 
ture. 




Inch. 


Sq.in. 


PountU. 


Pmmd*. 


Perd. 


// N 




94ZF10 


.605 


.20 


48,000 


96,500 


20.6 


27.4 


.15, .26* 


Granular, 40 per 
cent: silky, 60 per 
cent. 


1ZF65 


.606 


.20 


65,600 


94,500 


24.0 


46.2 


.17, .81* 


^""k 


1ZF13 


.606 


.20 


48,000 


93,000 


20.5 


87.1 


.12, .29* 


7ZF9 


.506 


.20 


46.500 


96,000 


16.0 


23.9 


.08, .24* 


Sil k y ; gran ularspot. 


1VF62 


.505 


.20 


39,000 


74,000 


31.0 


51.9 


.20, .42* 


Silkv. 


8ZP9 


.505 


.20 


60,000 


106,500 


22.6 


43.3 


.27*,. 18 


bo. 


6ZP9 


.605 


.20 


67,000 


107,500 


18.6 


30.7 


.25*,. 12 


Silky, 15 per cent; 
fine granular, 85 


1ZF14 


.505 


.20 


73,500 


103,600 


21.6 


69.8 


.08, .35* 


per cent. 
Fine silky. 


1VP62-2 


.606 


.20 


72,000 


99,600 


21.6 


62.2 


.36*,. 08 


Do. 


1ZF33 


.805 


.20 


51,000 


102,000 


19.6 


40.3 


.10, .29* 


Silky. 


1ZF86 


.605 


.20 


54,600 


106,000 


15.0 


27.4 


.20*.. 10 


Granular. 85 per 
cent; dull gray, 


































16 per cent. 


229F 


.605 


.20 


66,600 


96.500 


22.5 


49.1 


.12, .33* 


Fine silky. 


231F 


.506 


.20 


67,600 


82,500 


32.5 


69.2 


.29, .36* 


Do. 


28SF 


.606 


.20 


38,600 


66,000 


28.0 


34.0 


.29*,. 27 


Silky; oblique. 


283F-2 


.606 


.20 


53,000 


81,600 


25.6 


51.9 


.25, .26* 


Fine silkv. 


233F-3 


.605 


.20 


48,500 


78,000 


22.6 


57.2 


.09, .36* 


Fine silky; cup- 
shaped. 
Fine silky. 


737F 


.605 


.20 


52,000 


83,000 


28.6 


62.2 


.14, .43* 



12-INCH BARBETTE CARRIAGE. 



342F I .606 
342F-2 ; .606 



60,000 
54,500 



113,000 
105,500 



7.5 
18.0 



9.5 
23.9 



.06, .09* 
.17, .19* 



Granular. 
Granular; si Iky spot. 



12-INCH MORTAR CARRIAGES. 



1TF48 
8TF48 



1TF5 



.605 
.505 



.605 



1TF26 .505 

' 339F .506 

640F .605 

640F-2 .505 ' 

753F .505 I 

754F . 505 1 

1TF48-2 .606 I 



.20 



.20 ' 
.20 
.20 I 

.20 

.20 i 

.20 I 
.20 I 



46,500 ' 112,000 I 
63,000 105,500 , 



54,600 



51.000 
62,000 
51,500 

I 
61,500 ' 
64,000 * 

55,500 I 
46,000 I 



104,600 



103,000 
102,500 
85,500 

103,000 
109,500 

79,500 
97,000 



12.0 
17.0 



14.0 
25.0 
28.6 

20.5 
16.5 

32.0 
18.5 



19.6 
27.4 



17.0 i 27.4 



23.9 
49.1 
57.2 

49.1 
62.2 

64.7 
30.7 



.15*,. 09 
.26*,. 09 

.24*. 10 



.09, .19* 
.33*,. 17 
.17, .40* 

.10, .31* 
.29*,. 14 

.42*,. 24 
.11, .26* 



Granular. 
Granular, 60 per 

cent; silky, 40 per 

cent. 
Granular, 20 per 

cent; silky, 80 per 

cent. 
Granular. 
Fine silkv. 
Fine silky; cup- 
shaped. 
Pine silky. 
Fine silky 

shaped. 
Do. 
Silky: trace 

granulation. 



cnp- 



of 



STEEL FORGINGS. 

FORGED ^TE^Ir-Continued. 
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1 
Elastic 1 Tensile 


_ 


Con- 
trac- 
tion of 
area. 




1 


Marks. 


Di- 
ame- 
ter. 



Inch 


Sec- 
tional 
area. 


limit 'strength 

per 1 per 

square ' square 

inch. 1 inch. 


Elon- 
tfon. 

Perct. 


Elongation 
of inch 
sections. 


Appearance of frac- 
ture. 




Sq, in. 


Pownds. Pounds. 


Ptrct. 


n n 




81F2 


.505 


.20 


61,000 


120,500 


6.5 


9.5 


.07«,.06 


Granular. 


81 F4 


.505 


.20 


59.500 


119,600 


8.0 


6.7 


.09*,. 07 


Do. 


554F 


.505 


.20 


49,600 


104,500 


14.5 


20.5 


.12, .17* 


Granular; silky spot. 


81 F5 


.505 


.20 


57,000 


109,000 


9.5 


13.2 


.11* .08 


Do. 


1RRF9 


.506 


.20 


51,500 


104,600 


17.0 


27.4 


.11, .23* 


Silky; trace of gran- 

ulati6n. 
Granular. 


710FQ 


.60^ 


.20 


53,000 


100,600 


7.5 


9.6 


.09*,. 06 


710FQ2 


.505 


.20 


53,50C 


102,000 


18.0 


13.2 


.11. .15* 


Granular; silkv spot. 
Silky; trace of gran- 
ulation. 
Do. 


778QF 


.505 


.20 


59,500 


102,500 


19.5 


30.7 


.16*.. 23* 


810QF 
811QF 


.505 


.20 


58,000 


101.500 


18.5 


34.0 


.15. .22* 


.605 


.20 


63.500 


101,000 


18.0 


27.4 


.24*,. 12 


Silky. 


777QF 


.505 


.20 


62,000 


102,000 


13.0 


16.9 


.12, .14* 


Granular; silky spot. 


776QF 


.505 


.20 


&1,000 


102,000 


11.0 


13.2 


. 12* . 10 


Do. 


880QF 


.5a'> 


.20 


52,500 


87,500 


22.5 


34.0 


.24* .21* 


Silky; trace of gran- 
ulation. 
Fine granular; nilky 


777QF2 


.505 


.20 


55,500 


99,500 


19.6 


27.4 


.16, .28* 


















center. 


776QF2 


.605 


.20 


55,000 


100,500 


18.5 


30.7 


.16, .22* 


Fine granular, 60 per 
cent; .silky, 40 per 
cent. 


984FQ 


.505 


.20 


55,000 


96,500 


19.0 


27.4 


.28*.. 15 


Granular, 70 per 
cent; silky, 30 per 
cent. 


186F 


.505 


.20 


64,500 


93,000 


22.0 


40.3 


.20*,. 24* 


Silky. 


187F 


.505 


.20 


65,500 


99.000 


20.5 


30.7 


.20*,. 21* 


Silky, interspersed 
with fine granula- 
tion. 

Silky. 


















234F 


.606 


.20 


41,600 


77,000 


25.6 


43.3 


.27*,. 24* 


235F 


.605 


.20 


89,600 


74.000 


28.0 


48.3 


.24, .32* 


Do. 


245F 


.505 


.20 


55.000 


92,500 


24.0 


46.2 


.88*,. 15 


Do. 


727F 


.505 


.20 


87,000 


71.500 


28.0 


37.1 


.35*,. 21 


Silky; irregular. 


2-81F1 


.506 


.20 


61,000 


124,000 


11.5 


20.6 


.15*,. 08 


Granular; silky hpot. 


1-^lFI 


.505 


.20 


61,500 


119,500 


7.0 


6.7 


.06, .09* 


Granular. 


81F-3 


.505 


.20 


67,140 


106,680 


22.5 


44.9 


.30*,. 15 


SUky. 1 


81F-^B 


.505 


.20 


63,500 


103,500 


4.0 


9.6 


.08, .05* 


Granular. 


81F-5T 


.506 


.20 


51,500 


108,000 


20.6 


37.1 


.17, .21* 


Silky: trace of gran- 
ulation. 
Granular. 


81F-6B 


.506 


.20 


69,000 


101,600 


2.5 


6.7 


.08*,. 02 


81F-6B 


.505 


.20 


70,500 


99,000 


2.0 


5.7 


.02, .02* 


Do. 


1 81F-6B 


.605 


.20 


69,000 


120.500 


5.0 


9.5 


.04, .06* 


Granular: seamy. 


81F-6T 


.505 


.20 


64,500 


122.000 


18.0 


87.1 


.24*,. 12 


^"■'fc.. 


81F-6T 


.506 


.20 


66,000 


123,000 


16.0 


34.0 


.20*,. 10 


81F-7B 


.605 


.20 


72,000 


110,500 


2.0 


1.8 


.01, .03* 


Granular. 


41914B1F3T 


.605 


.20 


51.500 


109,000 


12.0 


9.5 


. 13«, . 11 


Granular; silky spot. 


, 41914B1F3L 


.506 


.20 


54,500 


112,600 


17.0 


27.4 


.21*,. 13 


Granular, 60 per 
cent; silky. 60 per 
cent. 


1BHF61 


.664 


.25 


66.800 


112,000 


16.0 


27.6 


.18,. 14, 
.26*,. 11 


Dull silky. 60 per 
cent; granular, 50 
per cent. 


\ 1BHF61-2 


.664 


.25 


56,800 


111,600 


14.5 


27.6 


.10,. 13, 
.26*,. 10 


Dull silky, 40 per 
















cent; granular, 60 


' 1BHF61 


.56< 


.25 


56.400 


112,000 


12.8 


21.4 


.18*,. 12, 
.11,. 10 


per cent. 
Fine granular, 80 per 
cent; silky, 20 per 
cent. 


1BHF61-4 


.564 


.25 


57,600 


113,200 


14.0 


24.6 


.09,. 11, 
.20*,. 16 


Fine granular, 90 per 
cent; silky, 10 per 








1 








cent. 



PARTS OF AMMUNITION TRUCKS. 



IX Fl 
IX Fl 
IXFl 1 
IXFiS 


.564 

.56-* I 
..'WM i 

1 


.25 ' 
.25 
.25 
.•25, 


48,000 93,000 
47,500 1 98,500 ; 
59,500 102,000 ! 
47.000 1 100,500 1 

1 


23.0 43.3 
20.5 1 43.3 
20.5 ' 46.2 , 
21.5 j 37.1 1 

1 


.31*, 
.31*. 
.31*, 
.17, 


.15 
.10 
.10 
.26* 


Fine silky. 
Silky. 
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STEEL FORGING8. 



FORGED STEELr-ContmneA. 
Fbom Springfield Armory. 



Marks. 


Dl- 
ame- 
ter. 

Inch. 
.564 


Sec- 
tional 
area. 

Sq.in. 
.25 


Elastic 
limit 
per 

square 
inch. 


Tenirile ' f.__ 
strength Elon- ^' 

Tnch. »^- 


Elongation 
ofTnch 
sections. 


Appearance of frac- 
ture. 


Pound*. 
77,500 


PotiwU.\ Per ct. Pcrct. 
111,000 ,26.0 87.1 


n n 
.25* 


Fine silky; trace of 
granulation. 







From Boston Forge Company. 



6-INCH BARBETTE CARRIAGE. 



.064 



.25 59,600 89,500 21.5 54.6 .84*,. 09 Silky 



CAST IRON. 



TENACITY SPECIMENS. 



H. Doc. 22, 50-1 <i 81 



0A8T IRON. 
TENSION TE8JS OF CAST IRON. 



$8 




:75-^ 



Tenacity specimens excepting those having elongation given, which 
latter had stems 6" or 10" long each. 

PROM WATERTOWN ARSENAL FOUNDRY. 



No. of 
beat 



314 
814 
276 



217 

216 
216 
216 
215 
215 
215 
215 
215 
215 
218 
219 
216 
216 
222 
219 
219 
219 
224 
222 
222 
224 
224 
222 
222 
223 
228 
225 
226 
227 
225 
225 
225 
225 
226 
226 
226 
226 
280 
229 
229 
229 
280 
280 
280 
281 
281 
281 
281 
288 
281 



Description. 



15-pdr. ffun mount. . . 

do 

5-inch barbette car- 

carrlage,moaell9S. 
do. 



Elongation 
of 0.25 per 
cent at load 
per square 
inch of— 



Poundt. 



..do. 
.do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
.do. 
..do. 
..do. 
..do. 
..do. 
..do. 
.do. 
.do. 
.do. 
..do. 
..do. 
..do. 
.do. 
..do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 



Tensile 

strength 

per square 

inch. 



Foundi. 
33.200 
81,600 
80,700 

38,500 
85.600 

82,000 
81,800 
29,600 
84,600 
28,200 
30,200 
80,200 
80,000 
81,900 
86,600 
34,100 
84,000 
88,700 
83,400 
89,100 
88,100 
84,400 
29,200 
84,800 
34,100 
28,100 
86,900 
84,900 
38,400 
87,800 
88,600 
29,400 
86,200 
36,500 
31,200 
36,600 
86,100 
81,100 
88,100 
84,400 
86,000 
82,100 
31,200 
83,400 
88,100 
28,000 
29,900 
32,000 
31,400 
28,000 
28,800 
38,900 
82,900 
28,900 
31,100 



Appearance of fracture. 



Fine granular; gray. 

Do. 
Fine granular; light gray. 

Fine granular; gray. 
Do. 

Do. 

Do. 

Do. 
Fine granular; light gray. 
Granular; gray. 

Do. 

Do. 

Do. 

Do. 
Granular; light gray. 
Granular; gray. 

Granular; fight gray; bright spot. 
Granular; light gray. 
Granular; gray. 
Fine granular; light gray. 

Do. 

Do. 
Granular; gray. 
Fine granular; light gray. 

Do. 
Fine granular; grav; bright globule. 
Fine granular; lignt gray. 

Do. 

Do. 
Granular; gray. 
Fine granular; light gray. 
Granular; gray. 

Do. 
Fine granular; gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Fine granular; light gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Fine granular; my. 
Fine granular: light gray. 
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CAST IRON. 



TENSION TESTS OF CAST /i?OA"— Continued. 
FROM WATERTOWN ARSENAL FOUNDRY— Continued. 



No. of 
heat. 


Description. 


Elongation 
of 0.25 per 
cent at load 
per square 
inch of— 


Tensile 
strength 

PountU. 
35,200 

80,100 


Appearance of fracture. 




235 


6-inch disappearing 

carriage.model 19(». 

do 


Pounds. 


Granular; gray. 

Fine granular; light gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Granular; gray. 
Fine granular; gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Fine granular: light gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Fine granular; gray. 
Granular; gray. 

Do. 
Fine granular: light gray. 
Fine granular; gray. 
Fine granular; light gray. 

Do. 

Do. 
Fine granular; gray. 

Do. 
Granular: sray. 
Fine granular; gray; spongy. 
Fine granular; grav. 
Granular; gray. 

Do. 
Fine granular; light gray. 

Do. 

Do, 
Fine granular; gray. 


288 
285 
235 
285 
285 
237 
237 
287 
288 
241 
237 
237 
289 
289 
289 
239 
241 
241 
241 
241 
239 
240 
243 
243 
' 248 
248 
244 
242 
245 
246 
245 
245 
245 
245 
245 
248 
248 
248 
248 
249 
260 
260 
260 
260 
251 
262 
252 
2.'>2 
262 
254 
254 
254 
254 
252 
255 
226 
287 
268 
261 
262 
262 
268 
261 
266 
267 
268 
271 
271 
273 
278 
266 
274 




do 




86,800 
36,100 
37,200 
31,800 
31,100 


do 




do...; 

do 


do 


do 


30,100 
34,600 
32,600 
32,000 
36,900 
35,000 
32,000 
37,900 
80,900 


do 


do 


do 1 


do 




do 




do 




do 





do 




do 




35,600 

32,200 

90,200 

36,600 

34,700 

33,400 

34,500 

82,100 

34,000 

82,900 

31,300 

32,500 

88,000 

35,600 • 

38,000 

87,100 

35,200 

31,100 

34,<M)0 

30,700 

36.800 

36.100 

33,900 

33.400 

32,200 

30,900 

32,000 

29,700 


do 




do 




do 




do 




do 




do 1 

do 


do 




do 




do. 




do 




do 





do 




do 




do 


.do 


do 


do 


.do 


do 


do i 


do 


.. .do 


do i 


. .do ' 


do : 


.do 1 


do 


31,700 
32,000 
32,100 
86,200 
30,100 
32,200 
30.700 
32,100 
35,400 
31,300 
32,100 
29,740 
28,800 
38,500 
29,600 
29,700 
32,200 
31.100 
35,000 
28,900 
28,000 
30,500 
28,000 
31,000 
30,400 
80,900 
28,200 
84,500 
85,600 


. .do 


do I 


.do 


do 


do 


do 




do 




. ...do 




do 




. ...do 




do 




. ...do 




do 




do 




do 




..do 




do 




...do 




do 




do 




..:::do:. ...:.:. ..:.... 




do 




.... do 




do 




do ... 




do 


25.400 
28,000 


do 


. ..do 







CAST IRON. 
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TENSION TESTS OF CAST //?OiV^-Ck>ntinued. 
FROM WATERTOWN ARSENAL FOUNDRY— CJcntlnued. 



No. of 
heat. 


Description. 


Elongation 
of 0.25 per 
cent at load 
per Bqnare 
inch of— 


Tensile 

Btrength 

pernquare 

inch. 


Appearance of fracture. 




1 


Ptmnda. 


Pounds. 




279 


6-iDch disappearing 




32,000 


Fine granular: gray. 




caniage,m(Mlel 190^. 






28S 


do 




28,900 


Do. 


2SS 


do 




28,900 


Do. 


284 


do 




31,000 


Do. 


286 


do 




28,900 


Do. 


288 


do ; 


31,500 


Do. 


302 


do 


28,600 


80,200 


Qranular; ffray. 
Fine granular; gray. 
Do. 


308 


do 




86,000 


802 


do 




32,700 


302 


do 




33,700 


Do. 


290 


do 




81,000 


Do. 


289 


do 




29,800 


Do. 


289 


do 




80,700 
82,500 
31,600 


Do. 


292 
294 


do 




Do. 
Do. 


do 




338 


. do 


22,500 


30 880 


Qranular; ffray. 
Fine granular: gray. 


2^ 


do 




28,800 


298 


do 




31,900 


Do. 


297 


do 




80.500 


Do. 


296 


do 





31,500 


Do. 


297 


do 





32,100 


Qranular; my. 
Fine granular: gray. 


299 


do 




32,900 


299 


do 




31.400 


Do. 


258 


do 





36,000 


Do. 


312 


do 




31,500 


Qranular; gray. 
Fine graniilar: gray. 


816 


do 




88.000 


317 


do 




27,000 


Qranular; gray. 

Fine granular: light gray. 


232 


10-inch diiiAppearing 




29,500 




carriage. 








236 


do.: 




84,000 


Fine granular: gray. 


242 


do 




38,000 


Do. 


246 


do 




38,000 


Do. 


265 


do 





29,8dD 


Do. 


265 


do.... 




28,900 


Do. 


270 


do 




28,500 


Fine granular: light gray. 


270 


do 




30.600 


Do. 


273 


do 




31,100 


Do. 


278 


do 




28,200 


Do. 


248 


do 


29,100 


33,100 


Qranular; my. 

Fine granular light gray. 


249 


do 




29,100 


249 


do 




31,100 


Do. 


278 


do 


24,000 


28,700 


Qranular; gray. 


278 


do 




30,500 


Fine granular; light gray. 


281 
281 
282 


do 1 


30,900 
29,700 
80,800 


Qranular; my. 
Fine granular; gray. 
Qranular; mottled. 


do 


do 


25,900 


282 


do 




28,400 


Fine granular: light gray. 


282 


do 


28,300 


Do. 


283 


do 


26, MX) 


34,100 


Qranular; gray. 
Fine granular; gray. 


283 


do 




28,000 


^ 


do 


2-'), 400 


80,400 


Do. 


285 


do 




29,900 


• Do. 


287 


do 




83,100 


Fine granular: llgh( gray. 


287 


do 




80,900 


Do. 


289 


do 




28,900 


Do. 


291 


do 




28,800 


Do. 


293 


do 




86,100 
87,200 


Fine granular: grav. 


293 


do 




Do. 


296 


do 




32,200 
31,080 


Do. 


296 


do 


27,500 


Fine granular; gray: shot hole. 


300 


do 


25,900 


33,200 


Qranular; ffray. 
Fine trranuiar: irray. 


800 


do 




30,400 


300 


.. . do 




85,300 


Do. 


' 304 


do 


23,400 


29,800 


Do. 


304 


.do 




29,000 


Do. 


304 


do 




29,800 


Do. 


306 


....do 


25,800 


80,900 


Do. 


906 


do 




81,100 


Do. 


308 


do 




32,400 


Do. 


306 


do 




34,200 


Do. 


309 


do 




37,600 


Do. 


813 


do 




30,000 


Qrannlar; gray. 


315 


do 




35,500 


Do. 
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CAST IRON. 



TENSION TESTS OF CAST //JOJV-Contintied. 

FROM WATKRTOWN ARSENAL FOUNDRY-€ontiDUed. 



No. of 
heat 




of d!26 per 

cent at load 

per square 

inch of— 


Tensile 

strength 

per square 

inch. 

Pounds. 
30,400 

82,100 

29,fi00 
81,400 
88,000 
36,600 
29,900 
28,600 
88,000 
86.600 
86,700 

29,000 
87,600 


Appearance of fracture. 


814 

229 

229 
229 
284 
306 
808 
810 
807 


10-inch diaappeaiing 

carriage. 
12-inch aisappcHring 

carriage. 
do 


Poundn. 


Granular; gray. 
Fine granular; gray. 

Pine granular; light gray. 

Do. 
Fine granular; gray. 

Do. 

Do. 

Do. 

Do. 
Granular; my. 
Fine granular; gray. 

Do. 
Do. 
Do. 
Do. 






do 




do 


' " 


do 




do 


23,600 


do 


do 




296 


(Jo ' ... 




228 

228 
247 
264 
264 


12-inch mortar car- 
riage, model 1896. 






do 




do 


. 


88,600 
87,200 


do 









FROM THE DETRICK & HARVEY MACHINE COMPANY. 



Marks. 



11-1 

11-2 

11-8 

2-1 

2-2 

2-8 

65-1 

66-2 

66-8 

3-1 

3-2 

3-8 

4-1 

4-2 

4-8 

12-1 

12-2 

12-8 

lft-1 

18-2 

18-3 

6-1 

6-2 

6-8 

6-1 

6-2 

6-8 

7-1 

7-2 

7-8 

9-1 

9-2 

9-8 



Description. 



6-inch disappearing carriage, model 1903. . 
do 



.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

±: 

.do. 
.do. 
..do. 
.do. 
.do. 
..do. 
.do. 



Tensile 

strength 

per square 

inch. 



Appearance of fracture. 



Powndi. 
18,600 
24,900 
23,800 
27,800 
28,100 
28,800 
28,400 
28,700 
80,200 
81,000 
29,700 
29,300 
28,900 
81,500 
29,000 
26,800 
22,400 
26,700 
24,900 
28,100 
22,400 
80,600 
82,100 
32,900 
26,000 
26,600 
26,800 
80,600 
90.600 
28,600 
80,200 
28,400 
80,800 



Granular; gray. 

Do. 

Do. 
Granular; light gray. 

Do. 

Do. 
Fine granular; light gny. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. • 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



CAST IRON. 

Specimens which had been broken and then brazed. 
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Marks. 


Tensile 
strength 

per 
square 
inch. 


Appearance of fracture. 


I-l 

18RR 

60-2 


PoufuU. 
17,800 

} 29,200 


Fractured at root of thread. 

Parted at and ^ from original fractured surface. 



Cast-iron specimens with plate steel separators across middle of 
stem. Separators cast in place in the iron. 

FROM THE C. H. COWDREY MACHINE COMPANY. 



Tensile 
strength 

per 
square 
inch. 



Appeamnce of fractures. 



Pounds. 
19,700 
23,100 
16,400 
24,800 
18,800 
18,900 



Fractures generally oceurred through the cast iron, varying, from places In close 
proximity to the steel separators to a distance of ^.8 therefrom, i. e., at the neck 
of the snecimen. In the third specimen tested there was a broad patch, about 
".75 by ''.75 in outside dimensions, on which the steel was, in part, naked. 



Cast-iron specimens for comparison of testing machine at works of 
S. R. Carr & Co., Baltimore, Md. 

FROM THE DETRICK & HARVEY MACHINE COMPANY. 





Tensile 

strength 

per 




Marks. 


Appearance of fractures. 




square 






inch. 






Poundt. 




1-WA 


26,900 


Fine granular; dark gray. 


2-WA 


27,000 


Do. 


8-WA 


27,550 


Do. 


1-E 


37.100 


Fine granular; gray. 


2 


88,200 


Do. 


3-E 


86,100 


Do. 


4 


88,200 


Do. 



Cast-iron specimen for comparison of testing machine at works of 
the Driggs-Seabury Ordnance Corporation. 



I 

, Tensile 
strength 
Marks. ! per 
i square 
, inch. 



1 

; Poundt. 
D8-2 19,800 



Appearance of fracture. 



Fine granular: brilliant facets. 



CAST IRON. 



ELONGATION TESTS. 



CAST IRON. 



ELONGATION TESTS. 



OAST IRON, 
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TENSILE TESTS OF SPECIMENS FROM CAST IRON FOR e-INCH DISAP- 
PEARINO CARRIAGES, L. R, MODEL 190$, FROM THE DETRICK A 
HARXEY MACHINE COMPANY, BALTIMORE, MB. 



No. 8014. 



Gears. 

Marks, 2-2 £. 

Diameter, 1".129. 

Sectional area, 1 square inch. 

Gauged length, 10". 



AppUed 

loacuper 

square 

inch. 



POWiXit, 

1,000 
2,000 
8,000 
4,000 
6,000 
•,0U0 
7,000 
8,000 
9,000 
10,000 
U,000 
12,000 
18,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19.000 
20,000 
21.000 
22,000 
28,000 
26,400 




Elonga- 
tion. 



Inch. 
0. 
.0006 

.0011 
.0020 
.0027 
.0084 
.0042 
.0060 
.0069 
.0069 
.0079 
.0069 
.0099 
.0106 
.0120 
.0190 
.0148 
.0169 
.0178 
.0190 
.0210 
.0280 



Inch, 
0. 



Remarks. 



InitUl load. 



Tensile strength. 



Fractured ".65 from the neck. 

Appearance of fracture, fine granular, light gray. 
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CAST IRON. 



No. 8041. 
Top carriage. 
Marks, 65-1 E. 
Diameter, 1".129. 
Sectional area, 1 square inch. 
Gauged length, 10". 



Applied 

loads per 

flquare 

Inch. 



PouncUf. 

1.000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

30,900 



In gauged length. 


Remarks. 


Elonga- 
tion. 


Het. 

Inch. 

0. 


Inch. 
0. 
.0005 


Initial load. 


.0012 




.0019 




.0025 




.0031 
.0039 
.0047 
.0052 
.0060 
.0069 
.0078 
.0086 
.0096 
.0107 
.0116 
































.0128 






. 0142 






.0160 




.0176 




.0198 




.0218 




.0245 




.0272 










Tensile Htrength. 








Fractured at the neck. 

Appearance of fracture, granular, gray. 



CAST IRON. 

No. 8050. 
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Gears. 

Marks, 3-1 E. 

Diameter, r'.129. 

Sectional area, 1 square inch. 

Gauged length, 10". 



Applied 

loaas per 

Hqiiarc 

inch. 



Pounds. 
1.000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19.000 
20,000 
21,000 
21,800 



In gauged length. 



Elonga- 
tion. 



Iwh. 

0. 

.0008 
.0016 
.0022 
.0080 
.0087 
.0048 
.00^ 
.0062 
.0070 
.0079 
.0089 
.0099 
.0109 
.0122 
.0135 
.0148 
.0162 
.0180 
.0198 
.0218 



Set. 



Inch. 
0. 



Remarks. 



Initial load. 



Tensile strength. 



Fractured 3". 25 from the neck. 
Appearance of fracture, fine granular, 
spot at circumference. 



gray. Smooth, lustrous 
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CAST IRON. 



No. 8061. 



Gears. 

Marks, 4 E. 

Diameter, 1".129. 

Sectional area, 1 square inch. 

Gauged length, 10^'. 



Applied 

loads per 

square 

inch. 

Poundt. 
1,000 
2,000 
8,000 
4,000 
5; 000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
16.000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24.000 
25,000 
26,600 


In ganged length. 


Remarks. 


Elonga- 
tion. 


Set. 


Inch, 

0. 

.0006 
.0011 


Inch. 
0. 


Initial load. 
Tensile strength. 




.0017 
.0024 
.0060 
.0089 
.0047 
.0056 
.0062 
.0070 
.0079 
.0069 
.0098 
.0109 
.0119 
.0129 
.0148 
,0156 
.0170 
.0187 
.0204 
.0225 
.0248 
.0275 




















































Fractured at the neck. 

Appearance of fracture, fine granular, light gray. 



OAST IBON. 



95 



Gears. 

Marke, 6-1 E. 

Diameter, 1".129. 

Sectional area, 1 square inch. 

Gauged length, 10". 



No. 8058. 



square 
inch. 


In ganged length. 


RemarkB. 


Elonga- 
tion. 


Set 


Pminda. 

1,000 

2,000 

8,000 

4,000 

5.000 

6,000 

7,000 

8,000 

9.000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

28,000 

24,000 

25,000 

28,100 


Inch. 

0. 

.0008 
.0010 
.0016 

.0090 


Inch. 
0. 


Initial load. 
Tensile strength. 










.0088 
.0044 






.0052 
.0060 
.0069 
.0076 
.0066 
.0098 
.0103 
.0114 
.0126 
.0187 
.0150 
.0161 
.0178 




























.0190 
.0210 
.0232 
.0260 




















Fractured 3". 50 from the neck. 

Appearance of fracture, fine granular, light gray. 
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CA8T IRON. 



Gears. 

Marks, 6-1 E. 

Diameter, l'M29. 

Sectional area, 1 square inch. 

Gauged length, 10". 



No. 8064. 




Remarks. 



IniUal load. 



TeiiMlc strength. 



Fractured at the neck. 

Appearance of fracture, tine gi'anular, light gi"ay, granitic. 



CAST IBON. 
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Gears. 

Marks, 7-1 E, 

Diameter, 1".129. 

Sectional area, 1 square inch. 

Gauged length, 10". 



No. 8063. 



loaosper 
Muare 
Tnch. 


In gauged length. 




Elonga- 
tion, 


Set. 


Remarks. 


1,000 
2,000 
8,000 
4,000 

6,000 
6,000 
7.000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
16.000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24.000 
26,900 


Inch. 

0. 
.0004 
.0009 

.0014 
.0020 
.0029 
.0088 
.0042 
.0060 
.0060 
.0068 
.0078 
.0068 
.0099 
.0110 
.0122 
.0186 
.0160 
.0161 
.0182 
.0197 
.0221 
.0249 
.0276 


Inch. 
0. 


Initial load. 
Tensile strength. 





















































Fractured at the neck. 

Appearance of fracture, fine granular, light gray. 

H. 0OC 22, 69-1 7 
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CAST IBON. 



No. 8090. 



Brackets for shafts. 
Marks, 9-1 E. 
Diameter, 1".129. 
Sectional area, 1 square inch. 
Gauged length, lO'^. 



sqtuire 
inch. 


In gauged length. 


Remarks. 


Elonga- 
tion. 


Set. 


Fimndt. 
1,000 
2,000 

4,000 
5.000 
6.000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
26,000 
26,900 


Inch, 
0. 
.0006 

.0010 
.0018 
.0024 
.0062 
.0089 
.0046 
.0062 
.0061 
.0070 
.0079 
.0088 
.0097 
.0107 
.0118 
.0129 
.0140 
.0152 
.0168 
.0182 
.0200 
.0220 
.0242 
.0278 


Inch. 
0. 


Initial load. 
Tendle gtrength. 























































Fractured at the neck. 

Appearance of fracture, fine granular^ light gray. 



OAST IBON. 
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CAST IRON FOR e^INC S PmA PFE ARING CARRIAGES, MODEL 190S 
FROM WATMXXOm ARSMSAL^ FOUMDRY. 



No. 80M. 



Base ring and L. H. chassis. 
Marks^ 248. 
Diameter, l'M29. 
Sectional area, 1 square inch. 
Gauged length, 10'^. 





In gauged length. 


BeniArlci. 


Elonga- 
tton. 


Set. 


Pwmd$, 
1,000 
2,'000 

Sooo 
llooo 

5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 

S'SS 
21,000 

22,000 

28,000 

24,000 

2^000 

26,000 

27,000 

28,000 

29,000 

88,800 


Inch. 
0. 
.0004 

.0010 
.0016 
.0090 
.0024 
.0080 
.0087 
.0048 
.0048 
.0055 
.0060 
.0068 
.0072 
.0081 
.0000 
.0097 
.0106 
.0118 
.0124 
.0188 
.0145 
.0168 
.0170 
.0187 
.0205 
.0228 
.0246 
.0278 


JiUMt 

0. 


Initial load. 

• 
Tensile strength. 































































Fractured at the neck. 

Appearance of fracture, granular, gray. 
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OAST IBOK. 
No. 8065. 



Top carriage and R. H. chassis. 

No. 250. 

Diameter, 1".129. 

Sectional area, 1 square inch. 

Gauged length, 10^. 



loadaper 
■qnaie 
inch. 


In gauged length. 


RemATkB. 


Elonga* 
tton. 


Set. 


PmmnU. 

1,000 

2,000 

8,000 

4000 

6,000 

6.000 

7.000 

8,000 

9,000 

10,000 

11,000 

12,000 

18.000 

14,000 

16,000 

16.000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

28,000 

24,000 

26.000 

26,000 

27,000 

28,000 

81,000 


Inch, 
0. 
.0006 

.0010 
.0016 
.0022 
.0026 
.0088 
.0069 
.0046 
.0061 
.0069 
.0065 
.0078 
.0080 
.0068 
.0096 
.0106 
.0114 
.0122 
.0183 
.0145 
.0157 
.0171 
.0185 
.0206 

.0248 
.0276 


Tnek. 
0. 


Initial load. 








































































Tensile strength. 







Fractured at the neck. 

Appearance of fracture, fine granular, gray. 



CAST IRON. 

No. 8068. 
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nng. 
Marks, 254. 
Diameter, 1".129. 
Sectional area, 1 square inch. 
Gauged length, l(r. 



loJUper 
square 
inoh. 


In gauged length. 


Remarks. 


Elonga> 
tion. 


Set 


Poundt, 

1,000 

2,000 

8,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 

14,000 

16,000 

16,000 

17.000 

18,000 

19,000 

20,000 

21.000 

22,000 

23.000 

24,000 

26,000 

28,900 


0. 
.0006 

.0010 
.0017 
.0022 
.0080 
.0066 
.0041 
.0049 
.0066 
.0064 
.0070 
.0080 
.0088 
.0096 
.0107 
.0116 
.0127 
.0140 
.0168 
.0168 
.0187 
.0204 
.0230 
.0267 


IndL 
0. 


Initial load. 
Tensile strength. 























































Fractured at the neck. 

Appearance of fracture, granular, gray. 
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CAST IRON. 



Chassis. 

Marks, 1. 

Diameter, l."129. 

Sectional area, 1 square inch. 

Gauged length, 10^. 



No. 8071. 



loadsper 
■qnare 
Inch. 


In ganged length. 


^ 


UoS. 


Bet. 


1,000 
2,000 
8,000 

6,000 
6.000 
7000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19.000 
20,000 
22,900 


Inch. 

0. 

.0007 
.0014 
.0020 
.0028 

• .0086 
.0041 
.0061 
.0000 
.0070 
.0080 
.0090 
.0104 
.0119 
.0186 
.0162 
.0174 
.0200 

!0266 


husk. 

a 


Initial iDad. 
TenillefltreDffth. 











































Fractared at the neck. 

Appearance of fracture, granular, dark gray. 



CAST IRON. 
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No. 8078. 



Top carriage. 

Mark, 71. 

Diameter, 1".129. 

Sectional area, 1 square inch. 

Gauged length, lO'^. 



Applied 

loedsper 

square 

inch. 


In gauged length. 


RemarkR. 


Elonga- 
tion. 


Set 


Pfmnds. 
1,000 

8,000 

5,000 
6,000 
7,000 
8,000 
9,000 
10.000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
34,000 
25,000 
27,100 


InOL 
0. 
.0005 

.0010 
.0018 
.0022 
.0029 
.0066 
.0042 
.0060 
.0057 
.0066 
.0074 
.0088 
.0092 
.0108 
.0115 
.0124 
.0188 
.0160 
.0165 
.0194 
.0202 
.0227 
.0260 
.0278 


Inch. 
0. 


Initial load. 
Tenille gtzengtta. 























































Fractured at the neck. 

Appearance of fracture, granular, gray. 
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OAST IBON. 



No. 8088. 



Top carriage. 

Marks, 201. 

Diameter, l'M29. 

Sectional area, 1 square inch. 

Gauged length, lO'^. 



Applied 

loadBper 

■quare 

Inch. 


In gauged length. 


Rfrmark*. 


Elongsr 
tiod. 


Set. 


Pounds. 
1,000 
2,000 
8,000 
4,000 

6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,00a 
25,000 
26,000 
27,000 
29,000 


Inch. 
0. 
.0008 

.0006 
.0012 
.0020 
.0024 
.0080 
.0087 
.0042 
.0049 
.0066 
.0062 
.0070 
.0078 
.0066 
.0094 
.0101 
.OUl 
.0120 
.0181 
.0144 
, .0167 
' .0170 
.0186 
.0206 
.0228 
.0250 


Inch, 
0. 


Initial load. 
TenBile gtrangth. 



























































Fractured 3".40 from the neck. 
Appearance of fracture, granular, gray. 



OAST IBON. 
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No. 8091. 



L. H. Chassis. 

Marks, 206. 

Diameter, 1".129. 

Sectional area, 1 square inch. 

Oaoged length, 10". 



square 
Inch. 


In ganged length. 


Bemarki. 


Slonga- 


Bet 


Pottndt. 
1,000 
2,000 
8,000 
4,000 

6,000 
7,000 
8,000 
9,000 
10.000 
11,000 
12,000 
18,000 
14,000 
16,000 
16,000 


/nc/k. 

0. 

.0004 
.0010 
.0016 
.0022 
.0029 
.0066 
.0040 
.0047 
.0066 
.0061 
.0068 
.0078 
.0066 
.0094 
.0106 
.0116 
.0128 
.0187 
.0161 
.0170 
.0187 
.0210 
.0286 
.0267 


0. 


Initial load. 










1 
















Tensile ttrength. 
















17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
26,000 
j 29,600 



























Fractured at the neck. 

Appearance of fracture, granular, gray. 
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CAST IRON. 



CAST IRON FOR IB-INCH MORTAR CARRIAGES, MODEL 1896, FROM 
WATERTOWN ARSENAL FOUNDRY, 



Racer. 
Marks, 2T10-3. 
Diameter, 1".129. 
Sectional area, 1 square inch. 
Gauged length, 6''. 



No, 8066. 



loadBper 
■quare 
inch. 


In gauged length. 


Remarks. 


Elong»> 
tion. 


Set. 


Pounds. 

1,000 

2,000 

8,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 

14,000 

16,000 

16,000 

17,000 

18,000 

19.000 

20,000 

21,000 

22,000 

23,000 

24,000 

26,000 

26.000 

27,000 

28,000 

29,000 

80,000 

81,000 

88,800 


Inch. 

0. 
.0002 
.0004 

.0007 
.0010 
.0018 
.0016 
.0019 
.0022 
.0025 
.0029 
.0032 
.0086 
.0040 
.0044 
.0049 
.0068 
.0058 
.0063 
.0068 
.0072 
.0077 
.0088 
.0090 
.0096 
.0108 
.0114 
.0128 
.0186 
.0148 
.0164 


Inch. 
0. 


Initial load. 

« 0.27 per cent elongation in 6^. 
TensUe strength. 



































































Fractured at the neck. 

Appearance of fracture, granular, gray. 



CAST IBON. 
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No. 8079. 



Racer. 

Marks, 143. 

Diameter, l'M29. 

Sectional area, 1 square inch. 

Gauged length, 10". 



iMdaper 
■qoAie 
Uieh. 


In gauged length. 


1 
1 
1 


Bl(mg»> 


Set. 


Bemarks. 1 


PomtdM 

2.000 
8,000 

J'SS 
6,000 

6,000 

7.000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 

14,000 

15,000 

16.000 

17.000 

18,000 

19,000 

20,000 

21,000 

22,000 

28,000 

24,000 

26,000 

26,000 

27.000 

28,000 

29.000 

80.000 

87,900 


hteh, 
0, 

!0018 
.0019 
.0024 
.0080 
.0066 
.0041 
.0047 
.0068 
.0060 
.0066 
.0072 
.0060 
.0086 
.0094 
.0106 
.0110 
.0120 
.0128 
.0187 
.0160 
.0160 
.0173 
.0187 
.0202 

.0246 
.0264 


htdL 
0. 


Initial load. 
TensUe strength. 

































































Fractured at the neck. 

Appearance of fracture, granular^ ff^J* 
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CAST IRON. 



EXPERIMENTAL MIXTURE OF CAST IRON, WATERTOWN ARSENAL 

FOUNDRY. 



No. 8087. 



Marks, 3. 
Diameter, l'M29. 
Sectional area, 1 square inch. 
Gauged length, 10". 



Applied 

equare 
inch. 


In gauged length. 


Remarkfl. 


Elonga- 
Uon. 


Set 


Poundt. 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9.000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20.000 
21,000 
22,000 
28,000 
28,800 


Inch. 

0. 

.0004 
.0010 
.0017 
.0028 
.0080 
.0087 
.0046 
.0064 
.0062 
.0070 
.0061 
.0090 
.0101 
.0112 
.0126 
.0187 
.0168 
.0170 
.0188 
.0210 
.0282 
.0264 


Inch. 
0. 


Initial load. 


















































Ten«!le strength. 









Fractured at the neck. 

Appearance of fracture, granular, gray. 



CAST IRON. 
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CAST IRON FOR 10-IXCII DISAPPEARING CARRIAGES, MODEL 1901, 
FROM WATERTOWN ARSENAL FOUNDRY. 



No. 8089. 



Top carriage. 

Marks, 203. 

Diameter, l'M29. 

Sectional area, 1 square inch. 

Gauged length, 10". 



Applied 

loads per 

square 

inch. 


In gauged length. 


Remarka. 

1 


Elonga- 
tion. 

Inch. 
0. 
.0006 

.0012 
.0017 
.0024 
.0080 
.0087 
.0048 
.0049 
.0066 
.0064 
.0070 
.0080 
.0086 
.0098 
.0106 
.0118 
.0126 
.0186 
.0160 
.0162 
.0178 
.0198 
.0216 
.0239 
.0268 


Set. 


Poumd*. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 

14.000 

16,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

28,000 

24,000 

25,000 

26,000 

29,700 


Inch. 
0. 


Initialload. 










1 
Tensile strength. 


















































Fractured at the neck. 

Appearance of fracture, granular, gray. 
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Description. 



mer pig, 14682. 
lia99No. 1 



L.V.1 

L. V 11899 No. 2. 
Beflsemer pig 44881 No. 1 . 
Bessemer pig 44881 No. 2 . 

P R.B. 17886 

P.R.R. 12896 

No. 4677 

C.V.R.R.1081 

No. 166720 

No. 18220 

No. 19042 

Murkirkpig 

HinckleNo.l, car 1402... 
Hinckle No. 1« car 2869. . . 
Hinckle No. 1, car 71210. . 

MaishaU pig No. 1 

Bessemer pig 

Hinckle No.l 

P.O. 1292 

Car 65182, P.O. 1847 

Car 25746. P. 0.1847 

Car 26665, P. 0.1847 

P. 0.1847 

P.O. 1481 

Rome iron, P. 0. 1442 . . .. 

Car 92641 

Car 4070 

Car 102878 

G. V. R.R.200 



Total 
carbon. 



8.85 
8.87 
8.49 
8.60 
8.62 



8.70 



Manga- 



.71 



8.95 
4.26 



SiUcon. 



2.280 

1.800 

2.600 

1.600 

1.560 

2.84 

2.44 

2.400 

2.76 

2.57 

2.40 

2.96 

1.22 

2.16 

2.20 

2.88 

2.98 

2.28 

2.000 

2.760 

2.20 

2.20 

2.04 

2.85 

8.85 

2.51 

2.860 

8.450 

2.420 

2.65 



Snlphnr. 



.025 
.085 
.080 
.024 
.024 
.015 
.015 
.016 
.016 
.019 
.024 
.021 
.200 
.025 
.020 
.020 

.065 

.086 
.028 
.065 
.020 
.020 
.027 
.028 
.025 
.000 
.016 
.017 
.016 
.016 



Phos- 
phorus. 



.088 
.046 
.062 
.088 
.060 
.082 
.080 
.060 
.060 
.068 
.062 
.847 
.090 
.090 
.095 
1.810 
1.260 
.020 
.111 
.787 
.088 
.088 
.069 
.069 
.660 
.475 
.027 
.061 
.060 
.062 



CHEMICAL ANALYSES OF CAST IRON FROM ARSENAL FOUNDRY, 



Description. 


Carbon. 


Manga- 
nese. 


Sili- 
con. 


Sul- 
phur. 


Phos- 
phorus. 


Total. 


Gn- 
pbitic. 


Com- 
bined. 


RiMHmAn DTn. 921 


2.968 
2.466 
X960 


2.286 

2.151 
1.908 


.722 

.460 

1.008 


.41 
.48 
.46 
.48 
.88 


1.28 
1.20 
1.18 
1.16 
1.120 


.109 
.117 
.147 
.147 
.118 


.487 
.492 
.496 
.604 
.200 


Specimen No. 226 


Specimen Nos. 229-1 

Fli>ecimen No. 287 ... 


Heat No. 887 


2.890 


.982 





CHEMICAL ANALYSES OF SPECIMENS FROM B HOOP, FORGED FROM 

ARSENAL INGOT. 



Combinod 
carbon. 


Manga- 
nese. 


SUicon. 


Sulphur. 


Phos- 
phorus. 


.48 


.97 
.75 


.460 
.170 


.065 
.060 


.044 
.020 





H. Doc. 22 50-1 8 
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CHEMICAL ANALYSES. 



CHEMICAL ANALYSES OF OUN-BARREL STEEL FROM SPRINGFIELD 

ARMORY, 



Com- 
bined 
carbon. 


Mangar 
neee. 


BUlcon. 


Sulphur. 


Phofr 
phonu. 


Tung- 
sten. 


.814 
.fiOO 


.570 
.787 


.388 
.600 


.026 
.045 


.028 
.045 


.890 



CHEMICAL ANALYSIS OF 1-POUNDER STEEL SHELL FROM FRANK- 
FORD ARSENAL. 



Combined 
carbon. 


Manga- 
nese. 


aUicon. 


Sulphur. 


Phos^ 
phoros. 


.20 


.410 


.006 


.042 


.002 



CHEMICAL ANALYSIS OF S-INCH R. F OUN FORGING. 



Marks. 


Com- 
bined 
carbon. 


Manga- 
nese. 


Silicon. 


Sulphur. 


Phofl- 
phorus. 


5R20RBS 


.65 


.65 


.200 


.027 


.028 



CHEMICAL ANALYSIS OF STEEL RAIL NO. 66. 



Com- 
bined 
carbon. 


Manga- 
nese. 


Silicon. 


Sulphur. 


Phos- 
phorus. 


Nickel. 


.564 


.80 


.047 


.042 


.058 


2.50 



BRONZE. 



115 



BRONZS. 



117 



£3 

o 



J ^ 






I - 



I 



1^' 



O 



3 



P 






I 



•a 

1 
I 



5 -3 



I 



I I 

II 

s s 



I" 



o o o 









I I 



9^.3 = , „ „ 



lllliil 



5l882'^?f8la"SiS82lll8ls'8aslS"8*8':JS'& 






^lOOOOOOiOOiOOOOOOiOOiOiOiOiOiOiOOOiOiOOiOiO 



!§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 



|§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 

g8'?fsfs"aVaSs'2s"aa"s"a'aa2"!f8"?faasas3ssf53 



S§§§i§i§§igg^§^^§S2l§§§3§^^§i 



118 



BBONZE. 



1 

I 
I 

i 
I 



I 
i 



■8 

la 
■P 



I 
1 



I 



o 







it 



I 

I 

I 






= o ^ 



i3 










i§§is§§§§§§ 






s 



I 



i§§§f§§§§§§ 



§s§iiii§§§ 



o 















OiOOiOiO 



§§§§§ 



s 



d 



n 



S 
3 






ii§i| 



C0 

I 



BBONZK. 119 



1 



t f I h 



'3'3 ? ^ ^ ®^ g'3 ^ .«®3'? . . .®1; .©'S'S'S » 



o 

■< 

S 



^ lOiootoioioioooooooootooioioetootooiooooiooeioieteoiooioietooiooooioiooie 

CQ 
S 

s §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§i§§§§§§§§§§ 
'§§f§§§§§§§§§§§§§§§§§§§§§§§§§§§i§§§§§§§§§§§§§§§§§§ 



• ' 'g'^ : :t • : : : :g : 



120 



BBONZE. 



I 

.s 

o 
o 



^1 



§ 






I 23 

^ CD 






e 



'Si 



I 






a* 






U^'^lx 



9 

I 



I 




3 S 



IISS^ 



«ggg 



II M 



%%%%% "E^i^* 9'3'5'5 ^ 



3355 



1353 






i,i2 iH lO rl r« r« Ok •« O t« « 00 lO Oft >0 » 0» -4« ■«« t^ !«• » Ok 0» ■<«• 0» M Ok Ol lO CI Ol lO Kd e*i 



JiOiOOOiAOOtOiCiOiOOieiOOiOiOOOiOiOOOOiOOOiOOOiOOiOO 



l§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 



l§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 



iiiiiiiiiiiii^^ 



BBOKZE. 121 



I 
1 
I 



ill Si I , . 



j'S 






11 II I t ^ % 1^1 



•^^^ 



g -og g-e g ^ .la- © 250 

^^ 3^ 3^^^ €"3 « ^€&€ 'Slav's 3 



f >>>» 






Kd lO 0» ^ >0 Oft 0» lO 0» lO lO lO ^ 0» lO M 0» lO iH lO lO '<«• lO Kd '<«• ««• lO rl 0» 0» Ok Ok Ok 0» 0» Ok lO Ok »H lO lO 0» rw dk M lO 0» 04 fH lO t« t« 



OOOKdOOaOOOiOiOiOOiOOtOiOOOOOiOOOieOOkOOOOOOiOOOOOOOiOOOiOiOOOOOiOOO 



§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 
§§§§§§§§§§§§§§§§§§§§§§§§§§§§l§§§§§§§§§§§§§§§§§§§§§§§ 



iiiiUiiiiiiiiiiiiiiliiiiiiiiiiii^^^ 



122 



BRONZE. 



n3 

a 



^ 

fr 



^ 



1^ 






1 



CO 

III 






1 1 

§ I 
I 1 

• o o 

313 









•^ooOiOioioiOieoooiOieoeo 



mill 






!§§§§§§§§§§§§§§§§ 

!§§§§§§§§§§§§§§§ I 
i :!: j : j !::::::: : 






< 

H 

55 






III 









oooiOiOiAiooiOiOtoe 



§§§§§!§§§§§§ 



§§§!§§§§§§§§ 






BBONZE. 



123 



SJT J? 

|ii I 



aoA4ee4««ooao«t«ioao«o^e 



oioooiooiooooioieioioio 



§§§§§§§§§§§§§11 



§§§§§§§§§§§§§ 






a* 5k V 

s 
ill 'ii Si 

SIS SS ?9 

m gg g^ 

<^ ,H t« i«i r« o o r« o o iH o o» o ^ •« iH r« Oft o» o o o i« 



OOiOiOiOOiOiaoOOOOiOOOOtOiOOiOtOOaO 



§§!§§§§§§§§§§§§§§§§§§§§§ 



§§§§§§§§§§§§§§§§§§!§§§§§ 
8S¥sssfslsla!i!'ss(;¥s;8'sr^s'sf8¥s{; 



i^i! 




^r»i-1t^a0r-lO»fHfHC4fHe4«eaD'<^9i-l<Hf-lfHfH«-4fHfH 



124 



BRONZE. 






2^ 



I 



o 




sslsSsssssSsSISSSsoS&lsSsSsllSisSss 









Oct 









^QOtaoooooooioiooiOiooiOiOiOiooiootooioiooiOtooote 



t 







9 



i§§§§§§§§§i§§i§§§i§§§§§§§§§§§§§§§§ 



i§8i§§§§§§§§§i§§§§§§§§i§§§§§§§§§§§ 

!jfa"ifs¥saaa¥^8aVa¥ssfsfs"ss5a8a8sass"8s 



S?4 i i i ; ; ; ; : i i : i : i : i : ; i i-i i i i i : i i i ! 



BRONZE. 



125 



Is 

•OS 



ii 



fit 



8 






a 

ll 






So 
•o S •• 

oflTlo . w 

0) oo «'S a 






.1^ 



f ji o -® 



1^^ 



■■cS 



tit 



1*1 



I I 



i a *? S '*'"^ >v C 






1^ c *^ 






I 

s 

I 

<5 O Bt 

til 
§13 

ir a _ 









KdOiooiooioeiooioooiooooooiaooiOiooiooteia oooooioooioo ooioooioooie 



§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 



§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 



5JJ 



sgii§s§g§gs^si^s§§giiii§siiis^ 



§§§ 

S6"a 



126 



BRONZE. 



I 

a 
•43 

P 



O 

< 
H 



I 



^ 
i 



11 



cot 



! I=* 






i?5 £ . 






^--•3 



I 

I 

I 

OB 



S o 

mhtU 









% 



OOtCQQkCO 



!§§§§§§§ 



n CO 00 & 9i9i 



III 



s|s 






55 55;^555-9 S 









eoiAooiOioiAietoooo 



§§§!§§§§§§§§ 






liS^illiglll 









^S^ 



§§§ 

li§" 



BBONZE. 



127 



I i| I 









ot«e>i»ot«t«o 






§§§§§§§ 



§§§§§§§ 









I^s 



sfsi 






§§§ 

$28S 



§§l 



JH 
tf 



O 

» 

1-3 

B 

OQ 






l^ls^si 



s^gss;^ 



ooooo 



§§§§§ 



§§§§§ 



33 ;2a 



s 






I 






09)001^00 






!§§§§§ 
ss'asss 



§§§§§ 

S¥3"S5S 






H 

o 

g 

o 

CO 

s 

o 
Q 

H 

o 



o 

I 



H 

i 






M 

i 

a 



! 



o 

CO 



BRONZE. 



ELONGATION TESTS. 



H. Doc. 22, 59-1 9 129 



BKONZK. 



131 



TENSILE TESTS OF SPECIMENS FROM BRONZE FOR 10-INCH DIS- 
APPEARING CARRIAGES, MODEL 190 1, CAST AT WATERTOWN 
ARSENAL, 

No. 8052. 
Counter recoil buffer. 
Bronze No. 4. 
Marks, 266. 
Diameter, ".505. 
Sectional area, .20 square inch. 
Gauged length, 2". 



Applied 

loans per 

square 

Inch. 



Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
82,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
11,000 
42.000 
13,000 
44,000 
45.000 
46,000 
47,000 
48.000 
49,000 
50,000 
71,000 




I 



In gauged length. 



Elonga- 
tion. 



Inch. 
0. 

.0004 

.0011 

.0019 

.0030 

.0M6 . 

.0049 '. 

.0052 '. 

.0056 I. 

.0059 '. 

.0063 

.0065 

.0069 

.0074 

.0080 

.0092 

.0100 

.0110 

.0123 

.0137 

.0157 

.0178 

.0202 

.0217 

.0263 

.0289 

.a330 

.0352 

.0418 

.W<)2 

.0530 



Set. 



Inch. 
0. 




.0015 



.0087 



Initial load. 



RlasUc limit. 



.(M37 



.35 



Tensile strength. 

= 17..') per cent elongation in 2". 



Elongation of inch sections, ".21*, ".14. 
Diameter at fracture, ".45; area, .1590 square inch. 
Contraction of area, 20.5 per cent. 
Appearance of fracture, light yellow. 



132 BRONZE. 

TENSILE TESTS OF PARSONS' MANGANESE BRONZE. 

Bronze melted at Watertown Arsenal and cast into bar of tapering 
form, 1^" square at smaller end 'and 2" square at larger by 15" long. 



No. 8055. 



First specimen. 
Diameter, 1".129. 
Sectional area, 1 square inch. 
Gauged length, 10". 



Applied 

loads per 

square 

Inch. 




Pounds. 
1,000 
2,000 
S,000 
4,000 
5,000 
6,000 
7.000 
8.000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19.000 
20,000 
21.000 
22,000 
28,000 
24,000 
25.000 
26.000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34.000 
35,000 
36,000 
37,000 
38.000 
39,000 
40,000 
41,000 
42.000 
13,000 
44,000 
45,000 
46,000 
47,000 




In gauged length. 



Set. 



Inch. 
0. 



Inch. 

0. 
.0009 
.0019 
.0027 
.0033 
.0041 
.0049 
.0057 
.0063 
.0071 
.0079 
.0088 
.0097 
.0103 
.0112 
.0121 
.0131 
.0144 
.0165 
.0167 
.0180 
.0190 
.0206 
.0220 
.0234 
.0248 
.0266 
.0282 
.0302 
.0326 
.0340 
.0372 
.0898 
.0433 
.0481 
.0510 
.0570 
.0632 
.0714 
.0810 
.0908 
.1041 
.1179 
.1348 
.1558 
.1650 



Remarks 



.22 



0. 
".'666i* 

".6661" 



.0002 

.0662* 



.0004 

."6608 ' 



.0016 
.6622' 



.0038 
.'6649" 



.0078 

.'oioe* 



.0180 



.0262 
.0469" 



Initial load. 



.1148 



.1 Tensile strength. 

., — 2.2 per cent elongation in 10". 



Elongation of inch sections: ".02, ".01, ".01, ".02, ".01, ".02, ".02, 
.02, ".00, ".09*. 
Diameter at fracture, 1".08; area, .917 square inch. 
Contraction of area, 8.3 per cent. 
Fractured 1" from the neck. 
Appearance of fracture, light yellow, in part lemon yellow. 
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No. 8056. 
Second spetamen. 
Diameter, l'M29. 
Sectional area, I square inch. 
Gauged length, 10". 



Applied 

Ioaa.M per 

square 

Inch. 



Pounds. 

1,000 

2,000 

3,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

24.000 

26,000 

26,000 

27.000 

28,000 

29,000 

30,000 

31.000 

32,000 

33,000 

34,000 

86,000 

36.000 

87,000 

38.000 

39,000 

40.000 

41,000 

42,000 

43,000 

44,000 

46,000 

46,000 

47,000 

48,000 





In gauged length. 




Elonga- ^_, 
tlon. 1 ^'• 


Keinark.s. 


InSh. 
0. 
.0007 


Inch. 
0. 


Initial load. 


.0014 
.0020 


"6. 




.0029 
.0086 




0. 




.0042 
.0049 
.0067 
.0065 
.0071 


""o. 








6. 




.0079 
.0089 


0. 




.0097 






.0106 
.0112 
.0125 
.0136 
.0147 
.0158 
.0168 
.0181 
.0195 
.0210 
.0230 
.0289 


.0001 


• 


.0004 








.0011 




.0019 








.0033 




.0268 
.0272 


.0047 




.0293 






.0317 
.0382 


.0072 




.0360 
.0883 


.0100 




.0421 






.0466 
.0490 
.0660 
.0612 
.0685 
.0790 
.0878 
.1010 
.1160 
.1319 
.1603 
.1630 
.1890 


.0171 




.0249 








.0440 




.0640 








.1100 




.1466 


Tensile strength. 

= 2.6 per cent elongation In 10". 


.26 









Elongation of inch sections: ".02, ".01, ".02, ".02, ".01, ".03, ".02, 
".04, ".06*, ".03. 

Diameter at fracture, 1".08; area, .917 square inch. 

Contraction of area, 8.3 per cent. 

Fractured 1".93 from the neck. 

Appearance of fracture, light and lemon yellow, with pateh of 
golden yellow. 
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BROlfZK. 



TENSILE TEST OF TOBIN BRONZE FOR 5-INCir BARBETTE CARRIAGE, 
FROM WA TER 1 X/AT A RSEN. I /.. 

No. 8UG1. 
Counter recoil buffer. 
Marks, 3. 
Diameter, l'M29. 
Sectional area, 1 square inch. 
Gauged length, 8". 



Applied 

loaas, per 

square 

Inch. 



In gaugoil length. 



"oundr. 


Inch. 


1,000 


0. 


6,000 


.0004 


10,000 


.0014 


15,000 


.0025 


20,000 


.0037 


25.000 


.0049 


30,000 


.0061 


81,000 


.0065 


32,000 


.0067 


88,000 


.0071 


34,000 


.0077 


36, Goo- 


.0084 


se, 000 


.0090 


37,000 


.0098 


38,000 


.0112 


39,000 


.0124 


40.000 


.0145 


41,000 


.0165 


42,000 


.0201 


43.000 


.0251 


44,000 


.0313 


45,000 


.0407 


47,000 


.0650 


48,000 


.0889 


49,000 


.1005 


50,000 


.1239 



^^°«*' Set 

lion. '^*'*- 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
.0001 



Kemark.M. 



Initial loa<l. 



.0009 



.0l».'>4 



.0286 



.1088 

61,400 ' Tensile Htrengtl). 

I 1 . 21 1 —40.3 per cent elongation in 3" 



Elastic limit not Tvell defined. 
Elongation of inch sections: ".29, ".70*, ".22. 
Diameter at fracture, ".75; area, .442 scjuare inch. 
Conti-action of area, 55.8 per cent. 
Fractured near middle of length of stem. 
Appearance of fracture, light yellow, tine silky. Fine 
surface of stem. 



seam 



along 



STEEL FOR COMPARISON OF TESTING MACHINES. 
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STEEL FOR COMPARISON OF TESTING MACHINES. 
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STEEL SPECIMENS FOR COMPARISON OF TESTING MA CHINE A T WORKS 
OFS. R. CARR & CO., BALTIMORE, MI)., FROM THE DETRICK d: HAR- 
VEY MACHINE COMPANY. 









Elastic 


Tensile , 






Mark on 
speci- 


Diam- 
eter 


Sec- limit strength 
tional , per per 


Elon- 
tlon. 


contrac- 
tion of 


Elongration 
of inch 


Appearance of frac- 
ture. 


men. 




area. square square 


area. 


sections. 






inch. inch. 


• 










Inch. 


Sq. inch. ' Pounds. ' Pounds. 


Perct. 


Percent. 




1 


IWA.. 


.505 


.SO 


48,000 


»1,200 


20.0 


34.0 


.24», .16 


Silky. 


2WA.. 


.506 


.20 


43.000 


93,500 


18.6 


80.7 


.24* .13 


8WA.. 


.HUh 


.20 


45.000 


91,500 


17.6 


30.7 


.24», .10 


Do. 


4WA.. 


.505 


.20 


52,500 


98,900 


20.6 


34.0 


.28*. .13 


Fine granular 
and silky. 



STEEL SPECIMENS FOR COMPARISON OF TESTING MA CHINE A T WORKS 
OF C. H. CON DREY MACHINE COMPANY. 



1 


. .505 


.20 


73.000 


85,500 


17.5 


51.9 


.27*. .08 


Fine silky; 

Hhaped. 

Do. 

Do. 


cup- 


2 

3 


. .505 
. .506 


.20 
.20 


74,500 
75,000 


85,600 
85,500 


16.5 
18.0 , 


51.9 
51.9 


.25*, .08 
.18*, .18* 





STYRIAN STEEL SPECIMENS FOR COMPARISON OF TESTING MACHINE 
AT WATERVLIET ARSENAL. 



.605 



.505 
.505 



.20 



103.000 ' 134,500 



107,000 
107,000 



136,500 
139,500 



19.5 



17.6 
18.0 



49.1 



34.0 
30.0 



.27*, .12 Fine silky; cup- 

I shaped. 
.20*, .16* ' Do. 
.16*, .20* I Do. 



STEEL SPECIMEN FOR COMPARISON OF TESTING MACHINE AT WORKS 
OF THE DRIGGS-SEABIRY ORDNANCE CORPORATION. 



DSI 



.505 



.20 i 59,000 105.500 I 



21.5 



49.1 .12, .31* Fine silky. 



STEELS, MISCELLANEOUS. 



I'Mi 



STEELS, MISCELLANEOUS. 
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3-Inch Field Carriages. 

TENSILE TESTS OF THREE LONGITUDINAL SPECIMENS, TAKEN OUT 
SIDE BY SIDE FROM A SAMPLE S'' BY ^ I^ CROSS-SECTION DIMEN- 
SIONS, OF STEEL FOR USE IN THE CONSTRUCTION OF SIGHTS AND 
QUADRANTS, RECEIVED FROM FRANK FORD ARSENAL. 



Diam- 
eter. 



I 



Sec- 
tional 
area. 



Elastic 

limit per 

square 

inch. 



Sq. in. Pounds. 
.20 I 40.600 
.20 45,500 

.194 47,420 



Tensile , 

strength K.i^n«i I Ctontrac 

inch. 



tion of 
area. 



Pounds. 
70,100 
71,000 
74,230 



Perct. 
28.0 
27.0 
24.0 



1 



Perct. 
55.0 
30.0 
43.3 



Elongation of 
inch sections. 



.15, .28, .43* 
.15. .30*,. 86* 
.37*,. 21, .14 



Appearance of frac- 
ture. 



Pine silky. 
Do. 
Do. 
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STEKLS, mSCKLLANKOl'S. 



£ 
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STEELS, MISCELLANEOUS. 
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TENSILE TESTS OF THE METAL FROM PART OF A COVNTER-REC(fIL 
SPRING FOR S-INCII EXPERIMENTAL LONG-RECOIL FIELD CAR- 
RIAQE, RECEIVED FROM SANDY HOOK PROVING GROUND, 

Coil straightened hot and metal then annealed. 




Elastic limit; Tensile streiiKth. ] 



' area. 



I Per 
Total. ' square 
i inch. 



Per 
Total. Nqiiare 
inch. 



I 

I ^^"" 
Elongation trac- 
in 1". tion of ' 

area. 



Appearance. 



Inch. 
.'250 



.250 



Sq. in. 
.0491 



Pounds. 1 Pounds. ' Ptpunds. Poundti. Inch. , Per rt. Per ct. 



3,600 I 78,320 6.210 126,4^ I .20 
3,690 1 75,160 6.200 126,270 ' .21 



20.0 42.2 Fine Milky; traceof 

gran Illation. 
21.0 42.2 Fine silky. 




Streaked Hoop No. 5888, Ring 1, Se(}ment 7. 

TENSILE SPECIMENS CUT FROM A RADIAL STRIP. 
Fricture.-^. 



S 



S 



^ 



-Radial direction- 



Marks. ' 



Dimension!!. 



Width. 



Thick- 
ness. I 



Sectional 
area. 



Tensile strength. 



Total. 





Inch. 


Inch. 


A 


- .296 1 


.197 


B 


.488 


.198 


(' 


.434 


.198 



S(^. in, I Pftand*. 
.aVil I 4,900 
.08«)7 I 6,600 
.0859 6.900 

I 



Per tion iif 1''.! Appearance of fractures. 



square 
Inch. 



Pound*. Per ccni. , 
M,320 6.0 1 

76,120 4.0 1 

80,300 5.0 



(Tranular. 
Do. 
Do. 



Remarks. — Alight-colored streak, extending nearly across the strip 
in both width and thickness, marked the line of fracture in the three 
specimens. There were several streaks present, fracture occurring 
along the principal one. Gauged length of 1" was established across 
principal streak. 
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STEELS, MISCELLANEOUS. 



Metal from 62-in(^h Octagonal Carbon Steel Ingot. 



TENSILE TESTS MADE ON UNFORGED BARS AFTER TREATMENT BY 
HEATING AND QUENCHING, 









1 

Tensile 
1 Htrengrth. 




Marks. 


Description. 


Di»im- 
eter. 


Sec- 
tional 
area. 




Position and appearance of 
fracture. 




Per 










Total. 


square 









Inch. 




Pound^t. 


inch. 
Pounda. 




■ 


.S^. IM. 




U 


Heated white hot, 
quenched in oil. 


.558 


.245 29,100 


113,780 


Fractured ".8 from the neck. 

Granular, in part dull gray. 
Fractured 1" from the neck. 


I 


Heated white hot, 


.tX)2 


.285 ; 4.200 


14,740 


, 


quenched in brine. 










Granular, 60 per cent; reddish 
brown, 40 per cent. Frac- 
tured at a crack In stem. 


'* 


|ieated low yellow^, 
quenched in oil. 


.557 


.244 


25,800 


103,690 


Fractured 2" from the neck. 
Fine granular with irregular 
surface; 10 per cent medium 
























coarse granular. 


Q 


Heated bright yel- 
low, quenched in 
oil. 


.616 


.298 


32,100 


107,720 


Fractured 1".6 from the neck. 
Fine granular. 



STEEL WIRE. 



H. Doc. 22, 59-1 10 
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STEEL WIRE. 
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TENSILE TESTS OF BRAZED AND ELECTRICALLY WELDED SQUARE 
STEEL WIRE FOR 6>INCH WIRE-WRAPPED GUN. 



Specimens received from Watervliet Arsenal. 
Size of wire, ".102 zb by ".101 zb. 



BRAZED SAMPLES, SCARF JOINTS. 



No. of 


Tensile | 
strength. 

1 

Pounds. 1 
1,440 


No. of 


1 
Tensile 


No. of 


Tensile 


No. of 


Tensile 


'no. of 


Tensile 


pie. 


pie. 


strength. | 

- --- 1 
Pounds. . 


pie. 


strength. 
Pounds. ' 


pie.' 


strength. 


, pie. 

1 


strength. 




Pounds. 


Pounds, 


1 i 


11 


1,380 


21 , 


1,370 


81 


1,840 


41 


1,420 


2 , 


1,380 


12 


990 ' 


22 1 


1,040 


32 


1,380 


1 42 


1,390 


3 


i,4eo 1 


18 


1.860 1 


23 


1,860 1 


33 


700 


, ^ 


1,410 


4 ! 


1,410 


14 


1,320 1 


24 


1,380 


84 


1,390 


' 44 


1,390 


^ i 


1.360 


16 


1,010 


26 1 


1,320 , 


85 


1,370 


45 


1.810 


6 I 


1,290 


16 


1.370 1 


26 


1,010 i 


36 


1,370 


1 ^ 


1,330 


7 


1,100 


17 


1,440 1 


27 


1,820 


37 


1,110 


1 47 


1,400 


8 1 


1,400 


18 


1.430 , 


28 


1,860 , 


38 


1.320 


i *^ 


1,480 


9 


1,430 


19 


1,400 


29 


1.360 


39 


1,330 


49 


1,460 


10 


1,480 


20 


1,420 ' 


30 


1,880 1 


40 


1,310 


r 


1,410 



Fractures: Nos. 7, 12, 15, 22, 26, 33, and 37 parted along the scarf. 
Others fractured at or near end of scarf joint. 



ELECTRICALLY WELDED SAMPLES. 



No-of, Tensile 



pie. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



strength. 



Pounds. 
1,100 
1,180 
1,820 
1,210 
1,020 
1.910 
1,020 
1,600 
1,320 
1,760 



No. of 


Tensile 


|No.ofi 


Tensile 


sam- 
pie. 


strength. 
Pounds. 


pie. 1 


strength. 


Pounds. 


11 


1.920 


' 21 


720 


12 


1,200 


22 


500 


13 


1,960 


28 


1,510 


14 


1,100 


1 24 


1,630 


15 


1,820 


1 '-» 


1,100 


16 


1,880 


' 26 


1,820 


17 


1.800 


|, 27 


2,010 


18 


1.500 


28 


1,580 


19 


1,940 


1 29 

1' 30 

1 


1,810 


20 


1,650 


1,320 



jNo.of! 
I sam- 
ple. I 



Tensile 
strength. 



31 
82 
88 
34 
a*) 
36 
37 



40 



Pounds. 
1,540 
1,620 
1,890 
1,120 
1,860 

950 
1,620 
1,890 

980 
1,320 



No. of 
sam- 
ple. I 



41 
42 
43 
44 
4r) 
46 
47 
48 
49 
50 



Tensile 
strength. 



Pounds. 
1,010 
1,020 
1,970 
2,020 

950 
1.210 

520 
1.020 
1,660 
1,790 



Fractures: Nos. 22 and 89 had blue-black spot on fractured surface 
of each. Nos. 3, 16, 19, 43, and 44 broke outside the weld, with a silky 
fracture. All others broke at the weld, with granular fractures. 

Tenmle tegts of steel wire for Iwoksfor safety lanyard clerice. 



Diame- 
ter. 


Sectional 
area. 


Elastic limit. ! 
Total. /^JnX" 


Tensile strength. 




To««l- '"'[nX" 


Appearance of fracture. 


Inch. 
.10 
.125 
.134 


Sq. in. 1 
.0079 
.0123 
.0111 


1 1 
Pounds. Pounds. 

(") (n) 
(") ('«) 
2.350 166,670 


Poumls. I^unds. 
1,640 1 207.590 
1,360 110.670 
2,620 185,820 


Silky. 
Do. 
Do. 



a Coincident with tensile strength. 
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SWIVELS. 



TENSILE TESTS OF SWIVELS FOR BUOY CHAINS FOR THE UNITED 
STATES LIGHT-HOUSE ESTABLISHMENT, THIRD DISTRICT, TOMP- 
KINS VILLE, N. Y, 



Description. 



Tensile 
strength. 



2-ineh swivel 

iHnch swivel 

If-inch swivel IIOJOOO 

2-inch light vessel swivel . . 169, 900 



Pounds. 
196,000 
189,200 



Parted. 



Eye of bail in front of pin. 
Under the head of the swivel stem. 
Sheared the pin. 

Fractured one end link at the welded end, parting 
along the scarf. Swivel uninjured. 
Load again applied, connecting swivel to testing machine 
by means of a loop fixture. 
'207,000 I The other end link fractured at the weld. Swivel 
I was not fractured. The stem was free to turn 
I through an angle of about 80 degrees. 



HELICAL SPRINGS. 
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HKLICAL SPRINGS. 
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Counter Recoil Springs for 6-inch Barbette Gun Carriages. 
COMPRESSION TESTS. 
Eight springs (4 outer and 4 inner) from The W. D. Gibson Company. 



DESCRIPTION OF SPRING NO. 1. 



Free height inches.. 

Exterior diameter do 

Size of wire do 

Distance between coILs do. . . . 

Weight pounds . . 




TESTS OF THE SPRINGS. 

OlTTKR SPRTN08. 



Spring 
number. 


Free 
height. 


'?Jf5X*fJl^r«« height 
Closed *"5'^"^ after loSd- 
heiirht. ^^^ ing^lOO 

houre. "™^'*- 


1 
2 
8 

4 


Inches. 
28.40 
27.75 
27.80 
28.00 


Inches. 1 Inches. Inches. 
16.70 i 28.00 27.52 
16.47 27.25 26.85 
16.68 27.63 27.18 
16.64 27.68 27.40 



INNKR SPRINGS. 



1 


21.48 


15.90 ' 


20. W 


20.70 


2 ; 


21.04 1 


16.85 ! 


20.76 


20.71 I 


3 


21.17 I 


16.10 


20.79 


20.63 , 


' 1 


20.87 1 


15.90 


20.47 


20.32 



After having been closed down 64 hours and loaded 100 times the 
springs tested as follows: 

Outer Springs. 



Marks. 



Free i Load at I ^^^efSo 
height. 2yM25. I 5^„^.«» 



Inches. 


Pounds. 


27.52 


4,732 


26.85 


8,990 


27.18 


4,800 


27.40 


4,590 



Ijtches. 
22.88 
22.21 
22.96 
22,74 



Height T,^ -J. I Height 
at 11.000 'l??^" ' «# Rnnn 
pounds. 



'.50. 



at 6.000 
' pounds. 



Inches. 
17.86 
16.71 
17.50 
17.17 



Pounds. 
I 10,796 • 

9,920 
I 11,000 
j 10,545 



Inches. 
22.66 
21.87 
22.71 
22.44 



Load at 
2»«'.125. 



Pounds. 
4,430 
3,650 
4,596 
4.243 



Final 

free 

height. 



I 



Inches. 
27.65 
27. OS 
27.41 
27.38 



Inner Springs. 



Marks. 


Free 
height. 

Inches. 
20.70 
20.71 
20.68 
20.82 


Load at 
19".375. 

Pounds. 
3.530 
4,045 
8,470 
2,870 


Height 
at 5.000 
pounds. 


«3 w- 


Height 
at 5,000 
pounds. 


Load at 
19^.875. 


Final 

free 

height. 


1 
2 
3 

4 


Inches. 
18.90 
19.06 
18.89 
18.68 


Inches. Pounds. 

16.66 9.940 
17.08 10,940 

16.67 10,09a 
16.46 9,432 


Inches. 
18.60 
18.93 
18.62 
18.36 


Pounds. 
2.910 
3,600 
2,912 
2,290 


Inches. 
20.66 
20.78 
20.65 
20.36 



Axes of springs were not straight. 
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HELICAL SPRINGS. 



Springs received from the Railway Steel Spring Company, Phila- 
delphia, Pa. 

DB8C»IPnON. 




Free height inches.. 

Exterior diameter do — 

Diameter of wire do — 

Distance between coils do — 

Weight pounds.. 



TESTS OF THE SPRINGS. 
OuTiR Springs. 



Marks. 


Free 
height. 


Load 

at 
28".125. 


Height 
at 5.000 
pounds. 


Height Load 
at 11.000 ! at 
pounds. 17".50. 


Height 
at 5.000 
pounds. 


Load 

at 

28''.125. 


Final 

free 

height. 


117 


Inches. 
28.80 
28.90 


Pounds. 
6,050 
6,260 


Inches. 
24.12 
24. S4 


Inches. Pounds. 
17.94 11,420 
18.26 11,750 


Inches. 
28.06 
28.38 


Pounds. 
4,960 
5,260 


Inches. 
28.28 
28.60 



No. 117 was practically closed down with 13,100 pounds, at height 
of 16". 86. 

No. was practically closed down with 13,100 pounds, at height 

of 16".77. 

Inner Springs. 



Marks. 


Free 
height. 


Load 

at 

19".875. 


Height 
at 5, 000 
pounds. 


Height 
at 11,000 
pounds. 


Load 

at 
17".06. 


Height 
at 5.000 
pounds. 


Tx)ad 

at 
19".376. 


Final 

free 

height. 


124 
188 


Inches. 
21.82 
22.04 


Pounds. 
6,400 
6,680 


Inches. 
19.94 
20.07 


Inches. 
17.50 
17.88 


Pounds. 
12,270 
11,660 


Inches. 
19.59 
19.60 


Pounds. 
6,570 
5,800 


Incites. 
21.70 
21.84 



No. 124 was practically closed down at height of 17". 06. 
No. 138 closed down with 12,480 pounds, at height of 16".73. 



DESCRIPTION OF SPRING NO. 1. 



Outer 
spring. 



Inner 
spring. 



Free height inches.. 

Exterior diameter do... 

Diameter of wire : do . . . 

Distance between colls do... 

Weight pounds.. 



27.60 

7.61 

L24 

.90 

91.5 



21.04 

4.22 

1.00 

.27 

87.00 



HKLIOAL SPRINGS. 
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TESTS OF THE SPRINGS. 
Oi'TKR Springs. 



Marks. 



Free Load at 
height. 23M25. 



InchcB. 
27.60 
27.38 
27.54 
27.62 



Pounds. 
4,886 
4,680 
4,782 

4,784 



Height 

at 

6.000 

pounds. 



Height Cloeed. 

at 

11.000 I I 

poundH. Height. Load. 



I , Height 

Load at at 
17".50. 5,000 
pounda 



nclies. 


Inches, 


22.96 


16.86 


22.84 


17.06 


22.86 


16.94 


22.89 


17.27 



IncMs. 
16.66 
16.72 
16.72 
16.80 



Pounds. Pounds. 
13,520 i 9,828 
13,832 9,984 
13,624 ' 9,880 
16,184 9,932 



Inches. 
21.96 
22.10 
21.94 
2L96 



Load at 
23'M26. 



Pounds. 
3,848 
3,981 
3,796 
8.827 



Final 

free 

height 



Inches. 
27.38 
27.30 
27. 40 
27.40 



Inner Springs. 



Mark.s. 



Free 
height 



Inches. 
2L04 
21.14 
21.29 
21.16 



Load at 
iy'.875. 



Pounds. 
4,160 
4,368 
5,000 
4,472 



Height 


Height 


at 


at 


5.000 


11.000 


pounds. 


pounds. 


Inches. 


Inches. 


19.04 


16.68 


19.11 


16.84 


19.87 


17.00 


19.13 


16.84 



Cl«*e<l. 



Inches. 
16. 62 
16.79 
16.78 
16.78 



Load. 



Pounds. 
12.688 
12,584 
12,792 
12,792 



Load at 
I 17".a5. 



Poxtnds. 
8.736 
9,152 
10.244 
9,297 



Height 
at 


Load at 


Final 

free 

height. 


5.000 
pounds 


19".375. 


Inches. 


Pounds. 


Inches. 


18.; 5 8,067 


20.87 


18. ()3 8,807. 


21.03 


18.99 4,056 


21.13 


18.68 8,359 


21.00 



Counter Recoil Springs for 75-millimeter Mountain Gun 

Carriage. 



Test made for the Ordnance Department, U. S. Army. 
English spring, received at Watertown Arsenal with carriage of 
English manufacture. 

DIMENSIONS. 

Free height (horizontal position) inches. . 25. 48 

Exterior diameter do 2.05 

Interior diameter do 1. 15 

Pitch of coils inch. . . 86 

Number of coils 45i 

Size of ribbon '..hif'.Hf ^ Ext '110 

^^ .'(45 ^ 

Weight pound.s.. 3.34 

(COMPRESSION TEST. 

Ascending stresses: 

Free height ( vertical position) inches. . 26. 34 

Height at load of 92 pounds do 21. 1 

Height at load of 376 pounds do 7. 

Cloaed height do.... 6.36 

Deacending stresses: 

Height at load of 360 pounds do 7.0 

Height at load of 72 pounds do 21. 1 

Free height ^ do.... 25.17 
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HELICAL SPRINGS. 



Spring made by The W. D. (tibson Company, Chicago, III. 
This spring had previously been closed down sixty hours. 

DIMENSIONS. 

Free height (horizontal position after compression teat) Inches. . 80. 20 

Exterior diameter do. . , 2. 10 

Interior diameter do 1. 09 

Pitch of coilB inch . . .57 

Number of coils 63 



Sizeof ribbon .....' Int. ".^^l 



D 



Ext. ':09 



-':505- 



Wpight pounds.. 8.58 

COMPRKSSION TEST. 

Aj9cending stresses: 

Free height (vertical position) incheg. . 30. 26 

Height at load of 118 pounds do 21. 1 

Height at load of 294 pounds do 7. 

Closed height do.... 6.40 

Descending stresses: 

Height at load of 285 pound.** do 7. 

Height at load of 101 pounds do — 21. 1 

Free height do.... 29.97 

TENSILE TESTS OF METAL FROM THK SPRINGS. 

Springs straightened hot and metal then annealed. 



Make of 
spring. 



English .. 
Gibson ... 



Dimensions, i 



Width. '™r^ 



Sec, 
area. 



Elastic limit. 



I 



Tensile 
strength. 



Total. 



Inch. ' Inch. Sq. in. \ Lbs. 
.441 i .117 .tel6 1 8,800 
.465 .093 I .0432 2,300 



Per i 
square Total, 
inch. , 



Lb8. 
73.640 
53,240 



Lbs. 
7.020 
4,320 



Per 
square 
inch. 



Elongation 
in 2". 



Lbs. 
136,060 
100,000 



In. 


Perct. 


.04 


2.0 


.16 


7.5 



Cont. 

of 
area. 



Perct. 
10.5 
30.3 



Appearance of 
fracture. 



Granular. 

Silky. 40 per 
cent; fine 
granular, 60 
per cent. 



Counter Recoil Springs for Mortar Carriages. 

DESCRIPTION OF SPRINGS. 



7-inch 

mortar 

carriage, 

model 

1895. 



12-inch mortar car- 
riage, model 1896. 



I^rge 
spring. 



Small 
spring. 



Free height inches. . 

Exterior diameter do. . . 

Interior diameter do. . . 

Pitch of colls do... 

Number of coils, full 

Siae of wire inches. . 

Weight pounds.. 



18.69 
5.03 
3.65 
1.53 

13.00 
.69 

19.00 



14.38 
9.08 
6.54 
2.83 
4.6 
1.77 

86.25 



14.02 
5.61 
8.01 
1.88 
6.50 
1.25 

35.50 



COMPRESSION TESTS. 

7-INCH Mortar Carriage, Model 1895. 

Ascending stresses: 

Load at height of 16" pounds.. 1,250 

Load at height of 9".5 do.... 4,140 

Descending stresses: 

Loadal height of 15" do.... 1,180 

Final free height inches.. 18.60 



HKLirAL SPRINGS. 

12-INCH Mortar Carriaob, Modrl 1886. 
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Aflcendlng . 

Load at height of 12'^25 pounds.. 

Load at height of »".76 a do... 

Descending stresses: 

Load at height of 12".25, do... 

Pinal free height inches. . 



Large I Small 
spring, spring. 



14,700 
82.000 



11»900 
14.30 



9,900 
21,900 



6,000 
13.70 



closed down at 48. 000 pounds compression, at a height of 9^.90. Ine<iuallty 



In pitch causes' some coifs to make contact in ai^ance of otiiicrs, 

TENSILE TESTS. 

Springs straightened hot and metal then annealed. 









Elastic 


Tensile 




Con- 
trac- 
tion of 
area. 








Description. 


Diam- 
eter. 


Sec. 
area. 


limit strength 

per per 

square square 

inch. , inch. 


Elon- 
gation 
in 10". 


KloT»'.';ition of 
inc cctions. 


Appearance 
oi fracture. 




Tnch. 


Sq.in. 


Lb9. 1 Lbs. 


Perct. 


Pnct. 


// n 


// 


' 7" mortar car- 


.66 


.342 


91,290 ' 164,090 


4.6 


8.8 


.04, .06, 


.04, 


Granular. 


riage. 












.08, .06, 


.03, 














.04, .06, 


.06, 
















.06. 






12^ mortar cai^ 


1.74 


2.878 


58,450 


114.380 


4.3 


6.8 


.05, .06, 


.05, 


Do. 


rla«e, large 
spring. 














.04, .04, 
.04, .04, 
.04. 


.08, 
.06*, 




12" mortar car- 


1.18 


1.094 


68,530 


134,460 


6.4 


10.0 


.07, .06, 


.08*, 


Do. 


riage, small 
spring. 














.09*,. 06. 


.05. 
















.04, .08, 


.08, 


















.08. 







12-Inch Mortar Carriage, Model 1896. 

Two double coil springs from the Railway Steel Spring Company, 
New York. 

DESCRIPTION OP SPRINGS. 



Free height inches.. 

Exterior diameter do 

Diameter of wire do 

Distance between coils inch . . 

Weight pounds.. 




15fi 



HELICAL SPRINGS. 



iCitcu spring was closi^d down rapidlv under steam hammer 100 times. 
Outer spring (a) was closed down and so remained 18 hours. 



COMPRESSION TESTS OF THE SPRINGS. 



Spring. 



Outer (o) 
Outer (b\ 
Inner (a) 
Inner (6) 
Springs 
Outer (a) 
Inner (6) 
Outer (6) 
Inner (a) 



Pounds. 
11, IfiO 
12,870 
3,870 
8,000 
assembled and an outer and inner spring itinted together: 

l} 16.840 



Load at 

height 

of 12^^.25. 



|> 15,700 



Height 
when 
closed. 



Inches. 
9 70 
9.75 
9.65 
9.47 



Final 

free 

height. 



Incfiea. 
14.26 
14.29 
12.90 
13,18 



Elevating friction clutch spring. 

SPECIFICATIONS. 

Solid height to be 3".375. under load of 11.260 pounds. 
Initial height to be 3".62.'). under load of 7,500 pounds. 

DESCRIPTION OF SPRING. 

Free height inches.. 4.20 

Exterior diameter do. . . 5. 30 

Size of wire do... 1.12 

Distance between coils inch. . . 50 

Weight pounds . . 1 L 00 

COMPRESSION TEST. 

Load at height of 3".625 pounds.. 10.060 

Load at aoUd height of 3".46 do. .. 16, 600 

Releasing: 

Load at height of 3".625 do... 8,600 

Compression Test of Tray Buffer Spring Manufactured at 
Watertown Arsenal. 

DESCRIPTION OF SPRING. 

Free height inches.. 4.65 

Exterior diameter of coil do .... 2, 58 

Diameter of wire inch . . ,53 

Distance between coils. do. . . ,25 

COMPRESSION TEST. 

Load at height of 4".25 .^ pounds.. 992 

Load at height of 3".50 do... 3,120 

Releasing: 

Load at height of 4".25 do... 801 

Free height inches . . 4. 63 

10-INCH Disappearing Carriage, Model 1896. 

COMPRESSION TEST OF HELICAL SPRING FOR COUNTERBALANCE 

DEVKE. 



Spring closed down 100 times, after which the dimensions were as 
follows: 

Free height inches.. 15.05 

Exterior diameter do. . . 5. 50 

Diameter of wire Inch. . . 85 

Distance between coils do. . . .50 

Weight pounds.. 27.00 

COMPRESSION TEST. 
Load at height of 11".75 pounds.. 2,772 



HELICAL SPRINGS. 

15-PouNDER Driggs-Seabury R. F. Mounts. 
Counter recoil springs received from Fort Warren. 

DESCRIPTION OF THE SPRINGS. 
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Free height inches. . 

Exterior diameter do 

Size of wire inch.. 

Distance between coils do 



Outer springs. Inner springs. 



No.l. No. 2. No.l, 



16.46 
2.50 



L8.80 


18.60 


3.70 


3.75 


.5,^ . 


.55 


.50 


.53 



.85 



No. 2. 



17.60 ; 
2.65 

.40 I 



COMPRESSION TESTS OF THE SPRINGS. 

Outer springs: 

No. 1— Load at height of 15" pounds. . 822 

No.2— Load at height of 15" do.... 862 

Inner springs: 

No. 1— Load at height of 14" do .... 444 

No.2— Load at height of 14" do.... 881 



RESISTANCE OF JACKETED BULLETS WHEN FORCED 

THROUCH THE BORE OF A .80-CALlBER 

RIFLE BARREL. 



IbS) 



BB8I8TAN0E OF JACKETED BULLETS. 

FiKST Sesies of Tests. 

Jacketed bullets forced through .30-caliber rifle barrel. 
New barrel received from Springfield Armory. 
Regular bullets, i" bearing length. 

FIRST BULLET. 
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Resists 
ance. 

PouTids. 



60 

182 

280 

494 

680 

1,090 

1,289 

1,21C 

1,186 

1,142 

1,106 

1,045 

965 

865 


Distance 
traveled. 


Velocity 
xmnute. 


Time of 
olMervation. 


Remarks. 


Inche9. 
0. 
.04 
.10 
.19 
.28 
.86 
41 
.48 
.61 
.65 
.60 
.66 
.70 
.80 
.00 


Foot. 

0. 
.006 
.006 
.008 
.008 
.007 
.004 
.006 
.006 


h. m. 9. 
11 40 00 
11 41 00 
11 42 00 
11 43 00 
11 44 00 
11 46 00 
11 46 00 
11 47 00 
11 47 80 


Maximum resistance. 


.004 


11 49 80 










.007 


11 62 00 




842 , 1.00 
797 1 1.20 
790 i 1.40 
760 1.60 
760 1. 80 


.6i7 
.017 


11 68 00 
11 54 00 
















762 2. 00 


... 






772 2.60 
812 3.00 
814 3.50 

781 1 4.00 
746 1 6.00 
710 ' 6. 00 


.072 


11 65 30 




.167 


11 56 00 
1 19 00 


Changed pistons. 




' 








698 7.00 
698 1 8.00 


....._.. 


1 21 00 




670 1 9.00 
670 1 9.50 

665 . 10.00 

674 11.00 
686 ' 12.00 
690 18.00 
680 1 14.00 

675 ' 16.00 
672 1 16.00 
636 f 17 nn 








.139 


1 22 80 
1 32 00 


Changed pistons. 












.126 


1 34 00 










1 








656 


18.00 


1 




626 
602 
648 


19.00 
20.00 
91 nn 


.148 


1 87 80 



















H. Doc. 22, 59-1 11 
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BE8ISTANCE OF JAGKETBD BULLETS. 

FmsT Series of Tests— Continued. 

SBCOND BULLET. 




Velocity Time of 



mmute. ; 



observation. 



PoumU. I 

: 

70 
100 
160 
200 
300 
400 
600 
800 



Inches. , 
0. 

.02 I 
.05 I 
.10 
.13 
.20 ; 
.24 
.80 I 



Fbot. 

".'oos' 

.005 
.008 



m. 8. 
7 00 

7 SO 

8 00 
8 SO 



.006 



2 10 00 



Remark B. 



1,000 
1,100 
1,124 
900 
843 
820 
790 
764 
741 
741 

784 
719 
702 
700 
688 
612 
612 

586 
570 
574 
. 542 
560 
566 
666 
547 
577 
555 
548 
627 


.43 

.60 

.65 

.81 

1.00 

L60 

2.00 

2.50 

3.00 

3.50 

4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
9.60 

10.00 
11.00 
12.00 
13.00 
14.00 
l.^OO 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 


.013 


2 11 30 


Maximum rf^i^itancTi^. 








.016 


2 13 SO 




.038 
.021 


2 15 00 
2 17 00 








Chauged pistons. 
Changed pistons. 


.042 


2 20 00 

2 26 00 
2 27 00 
2 28 80 
2 29 30 
2 30 30 
2 31 30 


.088 
.055 
.083 
.083 
.068 




2 37 00 
2 38 00 


....._.. 








.260 


2 89 00 














.119 


2 42 30 











BESI8TANCE OF JACKETED BULLETS. 

First Series of Tests- -Continued. 

THIRD BULLET. 
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RedM- 
ance. 

Pounds. 



70 

100 

160 

200 

800 

400 

600 

800 

1,000 

1,100 

1.200 

1,267 

1,250 

i;268 

1.180 

1,096 

1,084 

1,044 

1,002 

1,006 

961 

884 
894 
900 


Distance 
tmveled. 

Inches. 

0. 

.01 

.03 

.10 

.15 

.21 

.27 

.86 

.41 

.44 

.47 

.50 

.53 

.69 

.72 

.88 

1.00 

1.60 

2.00 

2.60 

8.00 

8.60 

4.00 
6.00 
6.00 
7.00 
8.00 
9.00 
9.50 

10.00 
.11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
2L00 


Velocity 
mimiUi. 


Time of 
obfleiration. 


Remarkfl. 


hytoi. 


h. m. s. 
2 65 00 








.665 


2 55 30 
















.018 


2 67 00 
































Muximiiin rcftistancc 








.008 


3 2 00 










.083 


3 4 00 




.042 
.042 
.028 


8 6 00 
8 7 00 
8 8 30 

3 16 00 
8 16 00 


Changed piHtons. 


.068 




920 
862 


.i67 


8 17 00 




866 








860 
840 


.206 


8 18 00 
3 28 00 


Changed pis<tonf>. 


812 






790 








778 








! 782 








774 








760 
721 
746 
704 
718 
760 


.250 


8 26 00 








• 








.888 


8 26 06 











Tests discontinued and barrel returned to Springfield Armorj' for 
firing. 
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RESISTANCE OP JACKETED BULLETS. 



First Series of Tests — Continued. 

Same barrel returned from Springfield Armor3' after having been 
fired 3,500 rounds. 
Regular bullets, i" bearing length. 

FOURTH BULLET. 
[Firat after Qiing.] 



ance. 



Distance 
traveled. 



POUTldS. 





Indiet. 
0. 



70 


.25 


100 


.30 


160 


.87 


200 


.50 


300 


.75 


400 


.96 


600 


1.08 


800 


1.20 


1,000 


1.24 


1,100 


1.26 


1,160 


1.80 


1.200 


1.82 


1,300 


1.88 


1,400 


1.84 


1,500 


1.40 


1,600 


1.41 


1,700 


1.41 


1,800 


1.41 


2,000 


1.41 


2,200 


1.41 



2,400 
2,600 
2,800 
8,000 
3,200 
4,000 
4,350 
8,200 
2,700 
2,900 
2,900 
8,220 
2,910 
2,750 
2,980 



3,650 
3,060 
3,180 

8,500 
2,960 
2,900 
2,800 

2,900 
2,820 
2,500 

2.480 
2,240 
2,180 

2,260 
2,180 
2.080 
1,980 

1,980 
1,820 
1.800 
1,800 
1,560 
1,420 

1,300 



1.41 
1.42 
1.43 
1.44 
1.44 
1.46 
1.49 
1.50 
1.58 
1.60 
1.70 
1.80 
1.90 
2.00 
2.50 



2.60 
3.00 
8.60 

3.60 
4.00 
4.50 
5.00 

5.50 
6.00 
6.50 

6.60 
7.00 
7.60 

7.60 
8.00 
8.50 
9.00 

9..0 
9.50 
10.00 
11.00 
12.00 
13.00 

18.10 



Velocity 

i)er 
nute. 



J)er 
nui 



fbot. 



Time of 
observation. 



h. m. f. 
8 1 00 



.010 

.oii" 



.010 



.002 



3 4 00 



3 5 80 



8 10 00 



8 15 00 

Vis' 66" 



Remarks. 



2}" from end of barrel to base of bullet, or about 
r' beyond cartridge case. 



Changed pistons. 



Maximum resistance. 



.008 I 8 32 00 



.1 



3 34 00 





9 21 00 






.03« 


9 28 00 
9 27 00 







.«)H 


9 29 


00 




9 31 


UO 






.028 


9 37 


00 




9 47 


00 







Changed pistons. The piston whit'h was taken 
out required force to remove it 

Changed piNtoiiK. 

Changed pistons. 
Changed pistons. 



.075 9 48 00 

I I Changed pistons. 



I Changed pistons. 





* 








.047 


9 
9 


54 80 
59 30 ! 




1 






.045 


10 


8 00 . 

1 


.067 


10 
10 


5 SO 
11 00 







Changed pistons. 



RESISTANCE OF JACKETED BULLETS. 
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First Series of Tests — Continued. 

FOURTH BULLET-<»ntlnued. 



Resist- 
ance, 


Distance 
traveled. 

Inchet. 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 


mftute. 1 observation. 


RemarkN. 


Pounds 
1,220 
1,250 
1.260 
1,250 
1,280 
1,180 
1,300 
1,000 


1 
Foot. h. m. s. 












0.081 


10 15 00 




.250 10 16 00 





The lead was forced through the jacket of the bullet, the conical 
point being detached from the cylindrical part of the jacket. The rear 
part of the jacket fell behind the base of the lead a distance of i" on 
one side of the bullet, and apparently got between the piston and the 
walls of the barrel, thereby increasing the frictional resistance. 



FIFTH BULLET. 
[Swond after firing.] 



Resist- I Distance 
anee. ' traveled. 



Velocity Time of 
minute. o»>«er^'ation. 



PouT^ds. 

70 
100 
150 
200 
300 
400 
445 

458 



1,118 
1,S06 
1,690 
1,866 

1,940 
2,100 
2,145 
2,820 
2,490 
2,255 
1,998 
1,927 

2,220 
1,880 
1,900 
1,820 
1,795 
1,789 
1,910 

2,100 
1,880 
2,020 
2,060 
2,800 
2,430 

2,980 

2,000 

540 



Inches. 

0. 

.28 

.37 

.52 

.95 

2.09 

2.32 

2.50 

2.60 
3.00 
3.50 
4.00 
5.00 
6.00 

6.60 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
12.50 

12.52 
12.60 
18.00 
14.00 
16.00 
16.00 
16.50 

16.52 
16.60 
17.00 
18.00 
19.00 
20.00 

20.03 
20.40 
21.00 



>bof. 



h. m. s. 
2 8 00 



Remark>4. 



.026 
.063 


2 
2 


11 
12 


00 
30 


.028 


2 

2 
2 


14 

19 
21 


00 

00 
00 


.017 


.042 
.042 
.083 
.083 


2 
2 
2 
2 

2 
2 


23 
25 
26 
26 

84 
35 


00 
00 
00 
SO 

00 


.033 


00 


.083 


2 


87 


00 


.ft')6 


2 


40 


00 




1 





2 


56 


00 




.056 
.083 


2 
2 
3 


58 

59 




00 
30 
30 








3 


9 


~ 








.142 


8 


11 


00 




1 











Bullet entered freely to a place where its base was 
I" beyond tbe forward end of the cartridge case. 



Changed pistons. 



Changed pistons. 



Changed pistons. 



Changed pistons. 



Changed pistons. 
Maximum resistance. 



Bullet showed marks of the rifling for a length of ."9. 
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RESISTANCE OF JACKETED HULLETa. 

First Series of Tests — Continued. 

SIXTH BULLET. 
[Third after firing.] 



RoAnt- 
ance. 


Distance 
traveled. 


Velocity 
miSnute. 


Time of ob- 
servation. 


Remarks. 


Pounds. 



70 

100 

160 


Inches. 

»:«, 

.28 

.40 

.59 

L45 

2.00 

2.50 

2.51 
2.60 
3.00 
4.00 
5.00 
6.00 
6.50 

6.62 
6.60 
7.00 
8.00 
9.00 
10.00 

10.02 
10.10 
10.19 
11.00 
12.50 

12.58 
13.00 
14.00 
15.00 

15.02 
15.10 
16.00 
17.00 
17.60 

17.60 
18.00 
19.00 
20.00 
21.00 


Fbat. 


A. m. s. 
9 8 00 


Changed pigtons. 

Changed pistons. 

Maximum resistance. 
Changed pistons. 

Changed pistons. 
Changed pistons 

Changed pistons. 






1 


200 




300 
400 


0.030 


9 12 00 


478 
664 


.044 


9 14 00 


500 




11 00 
11 1 30 
11 3 00 


642 
1,152 
1,610 
2,810 
2,290 

2,100 
2,320 
2,468 
2,226 
2,745 
8,620 

3,500 
8,460 
2,600 


.022 


.05li 


11 6 00 




11 13 00 
11 13 30 


.ois 




1 


.044 


11 18 00 




11 25 00 






2,420 




2,400 

2,500 
2,080 
2; 180 
2,210 

2,800 
2,000 
2,020 
2,000 
2,100 

1,900 
1,840 


.069 


11 28 00 

11 35 00 
11 36 30 
11 37 30 
11 39 00 

11 44 00 


.026 
.083 
.056 




:::::::::::::::::::::: 


.068 


11 46 00 




11 61 30 




::::::::::::::::::::::: 


1,980 
700 


.133 


11 58 00 








Bullet showed marks of the rifling for a len^h of ".96 to 1".00. The 
conical point of the jacket was ruptured circumferentially about .8 
around the body. The metal of the jacket at the base of the bullet 
flowed over the end of the piston ".05 (maximum length of the thin fin). 



resistance of jacketed bullets. 

Second Series of Tests. 

Jacketed bullets forced throug:h .30-caliber rifle barrel. 
New barrel received from Springfield Armory. 
Regular bullets, i-inch bearmg length. 

FIRST BULLET. 
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Resiflt- 


Distance 


Velocity 


Time of ob- 


Remarks. 


ance. 


traveled. 


minute. 


servation. 


Pounds. 


Inches. 


Foot. 


h. m. s. 







0. 


0. 


9 48 00 




SO 
100 


.(fl 
.11 








"".boi" 


*9 '44 "so* 




150 


.17 









200 


.21 


"'".ok" 


9 46 00 




250 
800 


.25 
.28 




..*..... 








850 
400 


.80 
.34 








".oos" 


■"9"48 "66" 


600 
600 
700 


.40 
.49 
.68 
















800 


.62 


""'."oii" 


""o'm "66 * 


• 


900 
908 


.71 
.79 








* ".oii" 


"9**6i "66* 


836 


.90 








790 


1.00 


""".009** 


' "i'si "66 " 




792 


1.10 


.006 


9 54 80 




804 


1.80 


.017 


9 55 80 




840 


1.60 


.017 


9 56 80 




970 


2.00 


.012 


10 00 00 




1,0Q;2 


2.60 


.021 


10 2 00 




1,100 
1,190 
1,242 


8.00 
8.14 
8.50 


.028 


10 3 30 




•"'--" 


'"i6"'7"66" 










Changed pistons. 


1,015 
1,030 
1,028 


4.00 




10 21 00 




4.50 








5.00 


".'088 ' 


"i6"'22!*66" 




1,044 
1,060 


5.50 








6.00 


"""".'688* 


"i6"24 "66" 




1,086 
1,042 


6.50 








7.00 


'.'042 " 


"'i6"a6*'66 " 




1,018 


7.60 
















Changed pistons. 


978 
924 


8.00 
9.00 





11 24 00 
11 25 80 




.056 


914 


10.00 


.056 


11 27 00 




918 


11.00 


.167 


11 27 80 




924 


12.00 


.167 


11 28 00 




918 


12.50 






Changed pistons. 






981 
988 


13.00 
14.00 




11 89 00 
11 40 00 




""'."083"' 


924 


15.00 


.067 


11 41 15 




878 


16.00 


.067 


11 42 SO 




810 


17.00 


.083 


11 43 30 




762 


18.00 


.068 


11 44 80 




702 


19.00 


.068 


11 45 80 




680 


20.00 


.056 


11 47 00 




686 


21.00 


.068 


11 48 00 




760 


21.40 
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RESISTANCE OF JACKETED BULLETS. 

Second Series of Tests — Continued. 

SECOND BULLET. 



Resisir 
ance. 


Distance 
traveled. 


Velocity 
mmute. 


Time of ob- 
servation. 


Remarks. 


Pounds. 

50 
100 
150 
200 
260 
800 
360 
400 
600 
600 
700 
800 
900 
860 
800 
760 
700 
790 
980 
1,082 
i;064 
1,287 

1,242 
1,278 
1,285 
1,224 
1,280 
1,860 
1,880 
1,406 

1,425 
i;860 
1,410 
i;460 
1,506 
1,483 

1,600 
1,680 
1,660 
1,860 
1,390 
1,282 
1,196 
1,184 
1,200 
1,248 
500 


Inches. 

0. 

.06 

.11 

.16 

.20 

.28 

.29 

.82 

.37 

.42 

.50 

.56 

.61 

.78 

.90 

1.00 

LIO 

1.30 

1.50 

2.0O 

2.50 

3.00 

3.50 

4.00 
4.50 
5.00 
5.50 
6.00 
6.60 
7.00 
7.50 

8.00 
9.00 
10.00 
U.00 
12.00 
12.50 

12.60 
18.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
21.70 


• FMt. 
0. 


h. m. s. 
1 6 00 


Changed pistons. 

Changed pistons. 

Changed pistons. 
Maximum resistance. 


.009 


1 7 00 
















.011 


1 9 00 










.010 


1 11 00 










.019 


1 14 00 


.029 


1 16 00 


.088 


1 18 80 




1 80 80 
1 88 80 


.042 






.083 


1 35 00 


.167 


1 85 30 




1 54 00 
1 55 00 


.088 


.083 


1 57 00 












2 9 00 
2 11 00 
2 11 80 


.042 
.167 


.111 


2 18 00 






.125 
.167 


2 15 00 
2 15 80 







RESISTANCE OF JACKETED BULLETS. 

Second Series op Tests— Continued.* 

TEIKD BULLET. 
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Resiflt- 
ance. 


Difltanoe 
traveled. 


Velocity 
minute. 

Foot. 


Time of ob- 
servation. 


KemMkn. 


Pounds. 

50 
100 
150 
200 
260 
800 
360 
400 
600 
600 
700 
«» 
720 
710 
684 
797 
792 
808 
876 

918 
1,068 
1,080 
1,083 
1,130 

1,118 
1,156 
1,260 
1,340 
1,405 
1,364 

1,470 
1,484 
1,310 
1,266 
1,234 
1,144 
1,150 
1,162 
1,246 , 
600 


Inches. 

0. 

.07 

.13 

.20 

.23 

.29 

.32 

.37 

.40 

.47 

.52 

.60 

.74 

1.00 

1.80 

1.50 

2.00 

2.50 

3.00 

8.50 

4.00 
6.00 
6.00 
7.00 
7.60 

8.00 
9.00 
10.00 
11.00 
12.00 
12.60 

13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
21.60 


h. m. 8, 
-2 27 00 


Changed piBtons. 
Changed pistons. 

Changed pistons. 
Maximum resistance. 








! 






.011 


2 30 00 










.019 


2 81 80 


.023 


2 33 30 


.023 


2 36 00 






.083 


2 87 80 
8 25 80 












.117 


3 28 00 

3 87. 30 
3 38 SO 
3- 89 15 


.083 
.111 


.095 


3 41 00 




3 48 00 




.083 


3 50 00 






.111 


3 52 16 


.095 


8 54 00 











Tests discontinued and barrel returned to Springfield Armory for 
firing. 
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RESISTANCE OF JACKETED BULLETS. 



Second Series op Tests— Continued. 



Same barrel returned from Springfield Armory after having been 
fired 3,500 rounds. 
Regular bullets used, i" bearing length, ".3072 diameter. 



FOURTH BULLET. 
[First after firlng.l 



Resist- 
ance. 


Distance 
traveled. 


Velocity 
minute. 

Foot. 
0. 


Time of ob- 
servation. 


Rc>mark}i. 


Pounda. 

100 
150 
200 
260 
.800 
850 
883 

476 
604 
784 

882 
946 
906 
8% 

888 

840 
960 
968 
921 
968 
968 

886 

936 

966 

1,034 

1,027 


Inchea. 

0. 

.24 

.43 

.62 

.91 

1.28 

1.60 

1.85 

2.60 

8.00 
3.60 
4.00 
4.60 
5.00 
5.60 
6.00 
6.50 

7.00 
8.00 
9.00 
10.00 
11.00 
11.60 

12.00 
18.00 
14.00 
16.00 
16.00 
17.00 
18.00 
19.00 
20.00 
20.66 
20.82 
21.00 
21.20 


h. in. 8. 
10 37 80 


Changed pistons. 

Changed pistons. 
Changed pistons. 
Maximum roHi.Htance. 




:::::::::::::::::::::::: 


.025 


10 40 30 



1 


.039 
.086 


10 42 80 
10 44 00 

10 52 00 
10 58 15 


.083 


.048 


10 65 00 


.042 


10 57 00 


.088 


10 58 00 

11 7 00 




.067 


11 9 80 


.111 


ii ii 66 ^ 




11 16 80 








.125 


11 18 80 


1,061 





1 1,070 

1,028 

1,010 

800 


.125 


11 20 30 







500 




320 




1 100 


1 




1 



FIFTH BULLET. 
[Second after firing.] 



« 


0. 

.10 

.26 

.40 

.68 

.68 

.88 

1.16 

1.70 

2.60 

3.00 
3.60 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 




U 


39 00 


60 






100 
150 
200 
250 
800 
350 
400 
453 

558 
685 
773 
866 
915 
960 
975 
996 






.6i7 
v 


11 


41 00 














.070 


11 
11 


43 30 
47 00 






.056 


11 


48 30 


.056 


11 


60 00 





















Bullet starts ^vith its base 2''.95 from end of barrel. 



I Changed pistons. 



J 



Changed pistons. 



RESISTANCE OF JACKETED BULLETS. 

Second Series of Tests — Continued. 

FIFTH BrLLET-€onUnuecl/ 
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Resist- 
ance. 


Distance 
traveled. 


Velocity 
mlnate. 


Time of ob- 
servation. 


Remarks. 


Poundt. 
946 
1,090 
1095 
1,067 
1,085 
1,094 

904 
1.084 
1,066 
1.140 
1.148 
1,126 
1,160 
1,137 
1,110 
600 
160 


Inches. 
7.00 
8.00 
9.00 
10.00 
11.00 
11.50 

12.00 
18.00 
14.00 
16.00 
16.00 
17.00 
18.00 
19.00 
20.00 
20.79 
21.00 


Pbot. 


h. m. 8. 
11 64 SO 






.111 


11 66 00 


.Ul 


11 57 80 






12 03 00 


Changed pistons. 






.068 


12 05 00 










.083 


12 08 00 


Maximum resiHtance. 

































SIXTH BULLET. 
[Third after firing.] 



0. 

50 
100 
150 
• 200 
250 
800 
882 

884 
402 
560 
696 
664 
096 
706 
728 

780 
862 
898 
860 
884 
812 

766 
841 
902 
848 
820 
800 
848 
862 
818 
600 


0. 
.17 
.30 
.47 
.66 
.93 
1.68 
2.50 

8.00 
8.50 
4.00 
4.60 
6.00 
6.50 
6.00 
6.60 

7.00 
8.00 
9.00 
10.00 
U.00 
11.60 

12.00 
18.00 
14.00 
16.00 
16.00 
17.00 
18.00 
19.00 
20.00 
20.66 




1 21 00 


i 
Ballet starts with its base 8" from end of barrel. 










Changed pistons. 

Changed pistons. 

Changed pistons. 
Maximum resistance. 






.064 


1 22 00 






.077 


1 24 00 
1 28 80 








.068 


1 80 SO 










.067 


1 88 00 
1 87 00 









.100 


1 89 SO 


.088 


1 41 00 
1 46 00 




.111 


1 46 80 


.111 


1 48 00 


.088 


1 50 00 


.067 


1 62 80 







ROLLER BEARINGS. 
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BOLLBR BEABINQ8. 175 

Tests of Roller Bearings Furnished by the Standard Roller 
Bearing Company, Philadelphia, Pa. 

Tests were made with three kinds of bearings, designated as *'soft," 
"polished," and "ground." 

Each bearing was run in the hub of a lead wheel, weighing 3,015 
pounds, at a speed of 21 rotations per minute. The bearings were pro- 
vided with inside and outside sleeves, between which the rollers were 
located. Outside diameter of lead wheel, 40 inches. 

"soft" roller bearing. 

Number of rollers 15 

Diameter of roIletH Inch . . .48 

LeiiKth of rollers inches. . 8. 90 

Length of HleeyeK do 4. 50 

Exterior diameter of inside sleeve do 2. 94 

Interior diameter of outside sleeve -, do 8. 82 

This bearing was run 12,096 rotations, at which time the driving 
belt on the leaS wheel ran oflF on account of the frictional resistance of 
the bearing. It now required a force of 25i pounds, applied at the 
circumference of the lead wheel, to rotate it. The test was discon- 
tinued. 

An examination of the bearing showed the rollers in a roughened, 
pitted condition. The surfaces of each sleeve next the rollers were also 
roughened and pitted. The injury to the surfaces of the rollers and 
sleeves was greatest along two-thirds of their length. The c^use for 
the increasea resistance of the bearing which occasioned the driving 
belt running oflf appeared to be the clogging of the rollers with metiQ 
from the sleeves and the rollers themselves. 

''polished" roller bearing. 

Description same as "Soft" roller bearing. 

This bearing was run 2,520 rotations, at the end of which time the 
driving belt of the lead wheel ran oflF on account of the frictional 
resistance of the bearing. It now required 20 pounds pull on the cir- 
cumference of the lead wheel to rotate it. The test was discontinued. 

An examination of the hearing showed the rollers were clogged with 
abraded metal in a finely ground state. After cleaning, the surfaces 
of the rollers and sleeves were found in good condition. 

"ground" roller bearing. 

Description same as *'Soft" roller bearing. 

This bearing was run 53,088 rotations, at the end of which time the 
driving belt of the lead wheel ran oflf on account of the frictional 
resistance of the bearing. It now required a pull of 26i pounds at the 
circumferenceof the lead wheel to rotate it. The test was discontinued. 

An examination of the bearing showed the rollers were clogged with 
abraded metal in a finely ground state. After cleaning, the surfaces 
of the rollers and sleeves were found in good condition. 



176 BOLLEB BEARINGS. 

It was not apparent from whence came the abraded metal which 
caused the frictional resistance to overcome the power of the driving 
belt in the tests of the " Polished " and " Ground '' bearings. The final 
condition of the rollers and sleeves did not indicate that the abraded 
metal came from them in a marked degree. There was a considerable 
end thrust displayed by the bearings, and collars were used to keep 
the bearings in position. Oil was used as a lubricant between the ends 
of the bearings and the boxes which carried the journal. Some of the 
abraded metal was thought to have been detached from these boxes 
and some also from the ends of the cast-iron hub of the lead wheel. 



COPPER CYLINDERS FOR PRESSURE GAUGES. 
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Mean compression of 10 cylinders from Frankford Arsenal. Metal 
purchased May 1, 1901. Metal annealed April 15, 1906. 
Table for use with crusher gauge one-thirtieth square inch area. 
Mean dimensions of cylinders: Length, 0".499T, diameter, 0".2066. 



Load per 
square 
Inch on 
crusher 

one-thir- 
tieth 
square 
Inch area. 



Pounds. 
3,000 
6,000 
9,000 
10.000 
11,000 
12,000 
18,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19.000 
20,000 
21.000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
82,000 
83,000 
34,000 
85,000 
36,000 
87,000 
88,000 
89.000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49.000 
50,000 
51,000 
52,000 
58,000 
54,000 
55,000 
56,000 
57,000 
58.000 
59,000 
60.000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
82,000 



Total compreasions. 



Inch. 
I. 

.0004 
.0015 
.0026 
.0040 
.0052 
.0071 
.0094 
.0106 
.0128 
.0138 
.0160 
.0175 
.0196 
.0215 
.0236 
.0257 
.0275 
.0298 
.0325 
.0337 
.0358 
.0387 
.0412 
.0429 
.0459 
.0478 
.0501 
.0535 
.0546 
.0574 
.0610 
.0627 
.0655 
.0681 
.0710 
, .0732 
' .0751 
.0793 
.0811 
.0845 
.0862 
.0893 
.0919 
.0962 
.0979 
.1008 
.1034 
.1068 
.1095 
.1162 
.1180 
.1216 
.1251 
.1850 
.1450 
.1570 
.1660 
.1790 
.1910 
.2068 
.2189 
.2805 
.2895 
.2465 



2. 


3. 


4. 


Inch. 


Inch. 


Itich. 


0. 


0. 


0. 


.0002 


.0003 


.0004 


.0009 


.0012 


.0013 


.0017 


.0021 


.0020 


.0022 


.0036 


.0046 


.0035 


.0054 


.0061 


.0042 


.0066 


.0060 


.0061 


.0083 


.0094 


.0070 


.0099 


.0116 


.0079 


.0115 


.0124 


.0094 


.0186 


.0184 


.0111 


.0154 


.0156 


.0129 


.0171 


.0171 


.0147 


.0192 


.0194 


.0172 


.0218 


.0212 


.0184 


.0229 


^0281 


.0205 


.0260 


.0270 


.0230 


.0274 


.0287 


.0239 




.0290 


.0266 


.0316 


.0315 


.0293 


.0842 


.0380 


.0310 


.0362 


.0356 


.0836 


.0382 


.0883 


.0370 


.0422 


.0404 


.0386 


.0432 


.0421 


.0406 


.0451 


.0450 


.0436 


.0481 


.0470 


.0448 


.0500 


.0494 


.0480 


.0529 


.0618 


.0510 


.0560 


.0543 


.0582 


.a'>80 


.0564 


.0549 


.0605 


.0596 


.0580 


.0636 


.0609 


.0606 


.0653 


.0647 


.0634 


.0680 


.0668 


.0658 


.0706 


.0685 


.0687 


.0730 


.0719 


.0716 


.0760 


.0741 


.0745 


.0784 


.0766 


.0767 


.0819 


.0802 


.0810 


.0835 


.0820 


.0828 


.0865 


.0860 


.0852 


.0890 


.0870 


.0880 


.0920 


.0904 


.0915 


.0949 


.0928 


.0961 


.0975 


.0964 


.0996 


.0997 


.0980 


.1081 


.1020 


.1030 


.1069 


.1051 


.1066 


.1091 


.1085 


.1107 


.1182 


.1112 


.1120 


.1170 


.1149 


.1148 


.1220 


.1175 


.1181 


.1272 


.1211 


.1197 


.1415 


.1285 


.1263 


.1545 


.1822 


.1310 


.1718 


.1891 


.1379 


.1962 


.1438 


.1460 


.2165 


.1497 


.1550 


.2867 


.1550 


.1628 


.2466 


.1598 


.1725 




.1680 


.1826 




.1729 


.1920 




.1810 


.2015 





.1872 


.2100 



Inch. 

.0006 
.0021 
.0036 
.0060 
.0069 
.0084 
.0097 
.0118 
.0181 
.0154 
.0167 
.0188 
.0210 
.0226 
.0244 
.0264 
.0281 
.0308 
.0830 
.0849 
.0377 
.0892 
.0415 
.0442 
.0464 
.0485 
.0513 
.0538 
.0566 
.0588 
.0609 
.0625 
.0644 
.0668 
.0710 
.0725 
.0751 
.0771 
.0800 
.0832 
.0852 
.0881 
.0905 
.0944 
.0973 
.1003 
.1038 
.1062 
.1093 
.1135 
.1161 
.1200 
.1220 
.1318 
.1407 
.1608 
.1613 
.1760 
.1867 
.1990 
.2120 



.2420 



Inch. 
0. 
.0002 
.0016 
.0080 
.0041 
.0064 
.0078 
.0093 
.0105 
.0124 
.0144 
.0160 
.0185 
.0216 
.0224 
.0238 
.0262 
.0288 



.0871 
.0389 
.0417 
.0450 
.0463 
.0488 
.0519 
.0534 
.0670 
.0601 
.0614 
.0634 
.0664 
.0694 
.0713 
.0745 
.0768 
.0794 
.0821 
.0851 
.0878 
.0903 
; .0929 
! .0967 
.0988 
.1016 
.1038 
.1068 
.1090 
.1116 
.1149 
.1180 
.U96 
.1260 
.1302 
.1866 
.1430 
.1480 
.1635 
.1589 
.1653 
.1678 
.1725 
.1778 



Inch. 

.0005 
.0012 
.0025 
.0088 
.0060 
.0066 
.0087 
.0106 
.0130 
.0135 
.0156 
.0174 
.0197 
.0210 
.0285 
.0259 
.0278 
.0296 
.0318 



.0386 
.0405 
.0433 
.0455 
.0474 
.0500 
.0540 
.0549 
.0579 
.0600 
.0628 
.0653 
.0666 
.0690 
.0728 
.0754 
.0774 



.0861 
.0880 
.0912 
.0937 
.0965 
.0995 
I .1024 
.1063 
.1094 
.1118 
.1140 
. 1175 
.1205 
.1265 
.1318 
.1380 
.1460 
.1520 
.1640 
.1742 
.1829 
.1930 
.2004 
.2120 



Inch. 

.0002 
.0007 
.0013 
.0028 
.0040 
.0068 
.0068 
.0090 
.0110 
.0125 
.0146 
.0160 
.0175 
.0186 
.0204 
.0260 
.0279 
.0298 
.0320 
.0341 



.0406 
.0437 
.0456 
.0472 
.0500 
.0521 
.0545 
.0571 
.0600 
.0618 
.0640 
.0670 
.0692 
.0718 
.0740 
.0752 
.0772 
.0605 
.0822 
.0849 
.0876 
.0906 
.0938 
.0962 
.0998 
.1022 
.1043 
.1076 
.1103 
.1136 
.1160 
.1215 
.1263 
.1314 
.1864 
.1415 
.1470 
.1512 
.1570 
.1605 
.1655 
.1720 



Inch. 

0. 
.0004 
.0009 
.0010 
.0019 
..0041 
.0067 
.0068 
.0088 
.0100 
.0123 
.0139 
.0161 
.0172 
.0196 
.0219 
.0234 
.0249 
.0269 
.0289 
.0301 
.0843 
.0364 
.0380 
.0690 
.0409 
.0429 
.0450 
.0470 
.0494 
.a527 
.a')45 
.0560 
.0588 
.0616 
.0643 
.0661 
.0686 
.0711 
.0736 
.0769 
.0784 

, .0812 
.0838 

I .0873 
.09a5 
.0925 
.0960 
.0995 

• .1025 

I .1062 
.1106 

I .1155 

■ .1192 
.1290 

I .1410 
.1522 

! .1660 
.1810 
.2008 
2170 
2280 
2405 
2464 



Mean 
cor- 
10. I Mean, reeled 

sets. 



— I 



Inch. 1 Inch. Inch. 



0. 
.0 

.0006 
.0018 
.0080 
.0048 
.0066 
.0080 
.0097 
.0114 
.0134 
.0156 
.0169 
.0191 
.0210 
.0229 
.0248 
.0269 
.0800 



0. 



.0354 
.0876 

.0407 .0104 
0420 .0424 



.0449 
.0466 
.0498 
.0515 
.0544 
.0566 
.0591 
.0617 
.0647 
.0680 
.0693 
.0719 
.0743 
.0778 
.0794 
.0821 
.0847 
.0886 
.0910 
.0986 
.0964 
.0995 
1015 



.0008 
.0012 
.0022 
.0086 
.0060 
.0066 
.0068 
.0099 
.0116 
.0182 
.0150 
.0168 
.0189 
.0207 
.0225 
.0251 
.0271 
.0290 
.0813 
.0333 
.0356 
.0378 



.0446 
.0468 
.0492 
.0518 
.0548 
.0568 
.0592 
.0613 
.0640 
.0666 
.0690 
.0716 
.0741 
.0766 
.0793 
.0823 
.0845 
.0872 
.0899 
.0931 
.0960 
.0988 
.1018 



. 1061 . 1062 



.1078 

.1100 

.1128 

.1175 

.1196 

.1252 

.1305 

.1362 

.1410 

.1461 

. 1610 I 

.1560 

.1605 

.167ri 

.1736 

.1802 I 



.1080 
.1112 
.1143 
.1181 
.1210 



.0001 
.0007 
.0016 
.0029 
.0043 
.0067 
.0074 
.0089 
.0105 
.0121 
.0139 
.0157 
.0178 
.0196 
.0214 
.0240 



.0278 

.0301 

.0321 , 

.0344 

.0366 , 

.0392 

.0412 I 

.0434 

.0456 

.0480 

.0504 

.0629 

.0554 

.0578 

.0599 



.0676 

.0702 j 

.0727 , 

.0752 I 

.0779 

.0809 

.0831 

.0868 I 

.0885 

.0917 I 

.0946 

.0974 

.1004 

.1088 

.1067 

.1099 

.1180 

.1168 

.1197 
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Load per 
square 




4. 


Total compressions. 




1 


inch on 
crusher 

one-thir- 
tieth 
square 

inch area 


1. , 2. 

1 


3. 


o. 


6. 


7. 


8. 9. 


10. 

Incfi. 
.1«74 


Mean 
cor- 
rected 
Mean.' sets. 


Pounds. 
84,000 


Inch. Inch. 


Inch. 
.1930 


Inch. 
.2175 
.2260 
.2335 
.2400 
.2458 
.2502 


Inch. 
.2470 


Inch. 
.1828 
.1864 
.1912 
.1964 
.2080 
.2050 
.2100 
,2145 
.2191 


Inch. 
.2209 
.2295 
.2370 
.2430 


Inch. 
.1765 
.1810 
.1866 
.1916 
.1948 
.1993 
.2054 
.2090 
.2180 


Inch. 


Inch, j Inch. 


86,000 





.2009 
.2059 
.2124 
.2178 
.2240 


1935 


1 


88,000 
90,000 




.1991 
.2052 
.2121 
.2190 
.2260 
.2290 
.2347 








92,000 
94,000 
96,000 
98,000 
100,000 










' 


.2282 
.2842 
.2382 



















1 


i 



Mean compression of 10 cylinders from Frankford Arsenal. Metal 
purchased May 1, 1901. Metal annealed April 15, 1905. 
Table for use with crusher gauge one-tenth square inch area. 
Mean dimensions of cylinders: liCngth, ".4996; diameter, ".2521. 



Load per 










Total compressions. 












square 
























Mean 


Inch on 
crusher 






















gauge ^ 
one-tenth 


1, 


2. 


3. 


4. 




6. 


7. 


8. 


9. 


10. 


Mean. 


reeled 
sets. ' 


square 


























inch 


























area. 
























1 


Pminds. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


3.000 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


6,000 


.0029 


.0046 


.0035 


.0044 


.0005 


.0a58 


.0037 


.0047 


.0024 


.0017 


.0034 


.0032 ' 


9,000 


.0115 


.0169 


.0145 


.0147 


.0110 


.0165 


.0160 


.0150 


.0114 


.0098 


.0186 


.0131 1 


10,000 


.0152 


.0200 


.0159 


.0160 


.0152 


.0193 


.0179 


.0195 


.0156 


.oi;?8 


.0168 


.0162 1 


11,000 


.0193 


.0223 


.0197 


.0211 


.0196 


.0236 


.0227 


.0229 


.0190 


.0175 


.0208 


.0202 ■ 


12,000 


.0234 


.0264 


.0235 


.0249 


.0235 


.0276 


.0266 


.0273 


.02:il 


.0213 


.0248 


.0241 , 


13,000 


.0272 


.03a5 


.0279 


.0285 


.0274 


.0318 


.0300 


.0310 


.0278 


.0250 


.0287 


.0279 


14,000 


.0318 


.0354 


.0316 


.0331 


.0315 


.0363 


.0340 


.0355 


.0316 


.0300 


.0331 


.0322 


15,000 


.0857 


.0400 


.0367 


.0370 


.0358 


.0403 


.0385 


.0897 


.0370 


.0340 


.0375 


.OiG5 


16,000 


.0413 


.0440 


.0400 


.0419 


.0104 


.0452 


.0125 


.0440 


.0-111 


.0388 


.04-20 


.0409 


17,000 


.0458 


.0490 


.0423 


.0456 


.0464 


.0495 


.0480 


.0490 


.0467 


.0435 


.0466 


.0465 


18,000 


.W98 


.a527 


.0470 


.0491 


.0492 


.0550 


.0515 


.05:^6 


. 0505 


.0184 


.0507 


.0496 


19,000 


.0658 


.0580 


. 0514 


.0536 


.0552 


.0587 


.0562 


.0575 


.0669 


.0530 


.0566 


.0546 


20,000 


.0610 


.0631 


.0570 


.0573 


.0595 


.0637 


.0610 


.0625 


.060:) 


.0581 


.0604 


.0593 


21,000 


.0664 


.0689 


.0611 


.0620 


.0639 


.0688 


.0657 


.0670 


.0654 


.0631 


.0652 


.0641 


22,000 


.0707 


.0724 


.0655 


.0666 


.0691 


.0?29 


.0707 


.0719 


.0713 


.0688 


.0700 


.0689 


23,000 


.0765 


.0780 


.0713 


.0709 


.0740 


.0784 


.0748 


.0770 


.0755 


.0732 


.0750 


.0739 


24,000 


.0820 


.0824 


.0756 


.0759 


.0789 


.08:^0 


.0800 


.0817 


.0810 


.0788 


.0799 


.0787 


25,000 


.0871 


.0876 


.0814 


.0824 


.0839 


.0880 


.0855 


.0868 


.0868 


.0860 


.0855 


,0843 


26.000 


.0926 


.0930 


.0858 


.0858 


.0898 


.0932 


.0895 


.0937 


.0918 


.0890 


.0904 


.0892 


27,000 


.0990 


.0976 


.0912 


.0923 


.0936 


.0989 


.0960 


.0961 


.0972 


.0950 


.0957 


.0946 


28.000 


.1026 


.1028 


.0966 


.0964 


.0993 


.1040 


.1003 


.1024 


.1019 


.1000 


.1006 


.0994 


29,000 


.1095 


.1081 


.1014 


.1019 


.1041 


.1087 


.1055 


.1070 


.1070 


.1057 


.ia')9 


.1047 


30,000 


.1129 


.1128 


.1068 


.1069 


.1097 


. 1145 


.1104 


.1118 


. 1121 


.1114 


.1109 


.1097 


31,000 


.1171 


.1180 


.1114 


.1120 


.1148 


.1189 


.1163 


.1170 


.1166 


.1163 


.1158 


.1146 


32,000 


.1229 


.1233 


.1166 


.1184 


.1195 


. 1252 


.1207 


.1220 


.1222 


.1220 


.1213 


.1201 


33.000 


.1277 


.1287 


.1219 


.1220 


.1254 


.1293 


.1259 


.1280 


.1275 


.1272 


.1264 


.1252 


34,000 


.1338 


.1:J38 


.1270 


. 1272 


.1297 


.1350 


.1305 


.1320 


.1328 


.1314 


.1313 


.1301 


35,000 


.1400 


.1388 


.1323 


.1323 


.1360 


.1409 


.1368 


.1379 


.1380 


.1365 


. 1370 


.1856 


36.000 


.1445 


.1438 


.1365 


.1380 


.1405 


.14W 


.1410 


.1426 


.1432 


.1418 


.1417 


.1403 


37,000 


.1509 


.1493 


.1428 


.1439 


. 14(i5 


.1497 


.1463 


.1479 


.1489 


.1470 


.1473 


.1159 


38,000 


.1564 


.1538 


.1469 


.14«> 


.1513 


.1560 


.1513 


.1498 


.1536 


.1523 


.1519 


.1.^)05 


39,000 


.1618 


.1587 


.1516 


.1535 


.1570 


.1612 


.1560 


.1585 


.1584 


.1569 


.1574 


.1560 


40,000 


.1669 


.1641 


.1570 


. 1590 


. 1618 


.1667 


.1607 


.1620 


.1638 


.1620 


.1623 


.1609 


41,000 


.1730 


.1681 


.1620 


.Ui60 


.1665 


.1719 


.1659 


.1644 


.1690 


. 1675 


.1674 


.1660 


12,000 


.1783 


. 1734 


.1675 


. 1715 


.1719 


.1759 


.1700 


.1700 


.1735 


.1723 


.1?24 


.1710 


43,000 


.1829 


.1785 


.1711 


.1770 


.1766 


.1815 


.1758 


.1750 


.1786 


.1771 


.1774 


.1760 


44,000 


.1885 


.1835 


.1770 


.1830 


.1K15 


.1861 


.1803 


.1800 


.1837 


.1826 


.1826 


. 1812 
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Load per' 




Total 


sompresHions. 








square 










inch on 
cnwher 
















Mean 


gauye^ 
one- tenth 


1. 


2. 


3. 


4. ! 5. 


6. i 7. 


h. 


9. 


cor- 
rct-ted 
10. Mean. nets. 


square 


, 














inch 






1 








area. 






1 








1 
Pounds. , Inch. Inch. 


Inch. 


Inch. Inch, 


Inch. Inch. 


Inch. 




Tnch. 


Inch. Inch. 1 Inch. 


46,000 1 .1930 .1885 


.1818 


.1874 .1864 


. 1905 1 . 1865 


.18.')0 


.1883 


.1873 .1874 .1860 ' 


46,000 .1985 .1925 


.imi 


.1930 .1909 


.1957 ' .1906 


.1890 


. 193U 


.1921 .19-22 .1908 


47,000 .2(M0 .1956 , .I90f> 


.1981 .1962 


.2008 .1948 


.IWO 


.1986 


. 1970 . 1969 . 1955 


48,000 .'/Xm .2000 ' .1958 


.2025 .2001 


.•2M3 .1998 


.1988 


.2004 


.-20'25 .'2012 .1998 


49,000 ' .2136 .-2023 ! .1995 


.2070 .'2088 


. '2070 . 2050 


.'2080 


.2049 


.2065 .-2058 .2039 


60,000 .2171 .2066 | .2048 


.2107 .2087 


.'2143 .2097 


.•2079 


.-2091 


.2114 1 .2100 .'2086 


61,000 , .2214 1 .2114 | .2094 


.2154 .2120 


.2180 .2180 


. 21*23 


.2143 


.2166 .2143 .-21-29 , 


52.000 .2261 1 .2158 .2131 


.2198 .2167 


.2210 .2165 


.2161 


. 2179 


.'2198 .2181 .-2167 


68,000 .2290 .2198 


.2175 


.2240 .2209 


.'2236 , .2190 


.2208 


.2220 


.2280 .■2'219 1 .2205 


54,000 .'2325 1 .2234 


.-2215 


. -2*278 . 2249 


.2286 


.2230 


.2244 


.2260 


.'2277 1 .2*260 1 .*2246 


65,000 .2367 .2269 


.2256 


.'2380 


.2280 


.2319 


.2270 


.'2285 


.2300 


.2807 .'2298 .2284 


56,000 .2400 , .2310 


,2-288 


.'2360 


.23'20 


.'2358 


.2306 


.-2320 


.2339 


.2364 .•2386 .2323 , 


67,000 ! .2433 .2348 .2330 


.2390 


.'2862 


.'23»1 


.2349 


.2860 


.2872 


.'2885 , .'2372 .'2369 1 


58,000 .2470 .23.S0 .2366 


.2424 


.2400 


.2426 


.2860 


.2400 


.2406 


.2414 .2405 .2892 


59,000 


.2500 .2419 ' .2400 


.2451 


.2428 


.2460 


.2416 


.2482 


.2441 


.2481 .2488 .2425 


60,000 


.2684 , .2456 [ .2431 


.2494 


.2460 


.'2494 


.2444 


.2463 


.1M71 


.2465 .2471 I .2458 ' 


62,000 


.2696 1 .2518 i .2494 


.2563 


.2625 


.2565 


.'2620 


.2629 


.'2689 


.2540 ; .*2589 


.'2626 


64.000 .2MS ; .2669 1 .2554 


.2600 


.2565 1 .2610 i .2570 


.2584 


.2594 


.2681 .2588 


.'2575 


66,000 .2706 .2630 .2605 


.2664 


.2687 .2660 


.2630 


.2644 


.'2665 


.2650 ' .2647 


.2634 j 


68,000 .2745 .2678 .2660 


.2710 


.2684 .2735 


.2682 


.'2696 


.2702 


.*2690 .'2698 


.'2686 


70,000 1 .2795 1 .2732 , .2710 


.2766 


.2734 .2770 


.'2739 


.2750 


.2761 


.•2740 .'2750 


.2738 ' 


72,000 1 .2845 1 .2781 .2771 


.'2811 


.'2780 .2820 


.2785 


.'2791 


.2806 


.-2790 .2798 


.2786 


74,000 .2sKi .2829 .2802 


.2860 


.2830 .2870 


.2832 


.2888 


.2851 


.2887 ! .2843 


.'2831 


76,000 .2925 .'2870 .2846 


.2902 


.'2874 .2915 


.'2889 


.2888 


.'2896 


.'2881 ; .2889 .2877 


78,000 .2966 .2915 .2888 


.'2950 


.2908 .2963 


.2920 


.2932 


.2988 


.2923 .2980 .2918 


80,000 .3007 .2951 . .2931 


.2979 


.2951 .8001 


.2962 


.2969 


.2978 


.2965 , .2970' .2958 , 


82,000 .3039 .2989 .2970 


,3020 


.2988 ' .3035 


.3000 


.8015 


.8015 


.80a5 .3008!. 2996' 


84.000 .3074 


.3028 ' .3013 


.306-1 


.3026 1 .8069 


.8040 


.8046 


.8069 


.8044 .8046 | .30-36 


86,000 .3109 


.3066 .3049 


.3098 


.8049 .3112 


.8079 


.8061 


.3090 


.3080 .3081 i .3071 


88,000 .3140 


.3103 ; .3081 


.3134 


.8098 ,3144 


,3116 


.8119 


.3128 


.3115 .3118 1 .3108 


90,000 .3171 


.3135 .3115 


.3166 


.8128 1 .8178 


.3150 


.8149 


.3160 


.3150 .8150 


.3140 , 


92,000 .8-201 , .3164 .3145 


.3190 


.3158 • .3212 


.3182 


.3183 


.3190 


.8176 .3180 


.3171 


94.000 .3235 


.31W .3179 


.3228 


.3189 • .8239 


.8214 


.3*216 


.8224 


.3204 .8212 


.3203 


96,000 .3264 


.322-2 .3-202 


.3'255 


.3224 1 .8270- 


.8240 


.3247 


.8246 


.8240 .3241 


.8-282 


96,000 .3284 


.3-250 .3232 


.3'273 


.3245 .3296 


.3270 


.3271 


.8275 


.3*269 ; .8260 


.3259 


100,000 , .8316 

i 


.3277 .3260 


.3309 


.8279 ' .8325 


.3298 


.3300 


.3310 


.3299 .8297 .3288 




Proof Stresses 












•PISTON RO 


DS. 










Ifr^m, 








1 
Diameter 1 Proof stress 




FOIV- 






of body, applied. 










InctM. Pounds. 


10-inch diaappearing carriage 


H 






3i 240,000 










Rl 


ETRAC 


nON ROPES. 










Tnr— 








Diameter 1 Proof stress 




ror— 






of rope. 


applied. 










IndL 


Pounds. 


6-lnch disappearing carriages 


.models 1896. 1903 






i 


9,000 


12-inch disappearing carriaJBre 


9 






1 


15,000 




NS.. 






COUNTERWEIGHT 
Kor-^ 


' CHAI 


■ 










Diameter 


Proof stress 










of wire. 
Inch. 


applied. 
Pounds. 










15-pounder moi 


ants 








« 


3.640 
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WHEELS FOR FIELD CARRIAGES AND LIMBERS. 
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3-'NCH FIELD CARRIAGE WHEEL. 
16 SPOKES. 



t-El'OT»'PE CO.. BOSION 



WHEELS POB FIELD CARRIAGES AND LIMBERS. 
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Wheels for Field Carriages and Limbers. 



Twenty -four wheels are represented in this series of tests. Of this 
number there were two wheels for a 3". 2 carriage and limber, 
twenty for 3" field carriages, model 1902, and two for Ehrhardt 
field carriages. One of the Ehrhardt wheels was made with wooden 
spokes and rim, the other of iron or steel throughout, all others of 
the series being wooden wheels of the Archibald type, witli metal 
hubs. 

LIST OP WHEELS TESTED. 




9 

10 
11 

12" 
18 I 
14 
15 

16 I 

17 1 

18 I 

19 I 
201 
21 
22 
23 
24 



k" tire, for 8".2 field carrriage. 
i" tire, for 8".2 field limber. . . 
I" tire, for 8" field carriage. . . 
I" tlre^ior 8" field carriage. . . 
i" lire, for 8" field carriage. . . 
4" tire, for 8" field carriage. . . 
f " tire, for 3" field carriage. . . 



16-8poke wheel, 
16-8poke wheel, 
14-spoke wheel, 
16-8poke wheel, 
14-Bpoke wheel, 
16-spoke wheel, 
14-Bix>ke wheel, 

do 

IS-apoke wheel, i" tire, steel hub. for 3" field carriage 

16-8poke wheel. *" tire, cast-iron nub, for 8" field carriage. 
12-spoke Ehrhardt wooden wheel , ^.48 tire 

14<8poke Ehrhardt steel wheel, ^.48 tire 

IG-spoke wheel, 4" tire, for 3" field carriage 

do 



.-..do 

16-Bpoke wheel, |" tire, for 3" field carriage, 
do 



.do- 



16-8poke wheel, k" tire, for 8'' field carriage. 
16-8poke wheel, |" tire, for 3" field carriage. 
16-8poke wheel, I" tire, for 3" field carriage. 
16-8poke wheel, 4" tire, for 8" field carriage. 
16-spoke wheel, i'* tire, for 8" field carriage. 
16-8I>oke wheel, |" tire, for 8" field carriage. 



Rock Island Arsenal. 

Do. 
Archibald Wheel Co. 

Do. 

Do. 

Do. 
Seventh Battery, Field 

Artillery. 
Rock Island Arsen&l. 
Archibald Wheel Co. 

Do. 
Sandy Hook proTlng 
ground. 

Do. 
Archibald Wheel Co. 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



The wheels were new with the exception of No. 7 from the Seventh 
Battery, Field Artillery, which was selected for testing after having 
been subjected to severe service conditions and from which the original 
dishing had been partially removed. 

The tests made pertained to — 

1. Circularity of the rims of four wheels. 

2. Force required to overcome the dishing. 

3. Strains in the tires. 

4. Tensile test of the tire metal and hubs. 
6. Nave-box flanges. 

1. The circularity of the rims was determined by means of caliper- 
ing the diameters of the tires at points over the ends of the spokes and 
midway their ends. 

2. The tests to overcome the dishing were made by^ supporting the 
inner end of the nave box against one end of the testing machine and 
loading the rim at four points equidistant. Six of the wheels, how- 




one end of an arm, making a bent axle with length of arm equal to the 
radius of the wheel. An initial load was applied to the wheel and 
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testinj^ fixtures and observations made thereafter on the movement of 
the nm, noting the distance traveled when the dishing was removed. 
Loads were continued until the total rim movement with reference to 
the nave reached a distance of 1" beyond the position it had while 
under the load initially applied to the system. The amount of per- 
manent set was observed at different stages during the progress of and 
upon the discontinuance of the tests. 

3. Observations were made on the strains in the tires by means of 
measurements on gauged lengths of 5" each, established on the tires 
when the latter were intact, and the changes noted which occurred upon 
cutting the tire apart midway these lengths. The final measurements, 
as well as the initial ones, were made with the tires over the felloes, 
and, as the rims themselves expanded when relieved of the tire shrink- 
age, the observed changes were comparative onl3\ Instability of form 
made it necessary to remeasure over the felloes and prevented the 
actual strains in the tires being determined. 

In addition to the general extension of the metal, each of the new 
tires were in a state of unequal tension with reference to different parts 
of their cross section. Tires freed from the wheels sprung together, 
their ends overlapping, and assumed diameters smaller than that of the 
felloes. This behavior indicated that the metal at the inner surface of 
the tire was in a state of tension, the outer surface in a state of compres- 
sion, with reference to the two sides of the same. The ordinary method 
of cooling tires when setting, by throwing water on them, would 
account for these initial strains in the new tires. The tire of the old 
wheel from the Seventh Battery, Field Artillerjr, did not spring together 
when removed from the felloe; service condition had eliminated the 
difference in strains at the inside and outside of the tire, respectively. 
The difference in the gauged length before and after cutting apart, 
furthermore, is seen to be less than in the cases of the other wneeis. 

4. Tensile tests of the tire metal comprised tests made at the welds 
and atplaces remote therefrom. 

6. The nave boxes were tested by supporting the flanges at their 
rims upon a ring of metal having an annular bearing, the width of 
which was ^". The loads were noted which caused a dishing effect, 
which for comparison were observed when an opening of 0".02 was 
reached at the outer edge of the flange, between that and the testing 
ring against which it rested. This distance was adopted for reference 
and comparative purposes, and corresponded to a time after which 
there was a more rapid change in the rate of deformation. 
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Diametera of the wheels, measured over the tires, taken at places 
opposite the ends of the spokes and midway thereof.. The odd num- 
bers represent the measurements on the line of the spokes, the even 
numbers midway between them. 

Wheel No. 1. 

16-spoke wheel for 3.2-inch field carriage, received from Rock Island 
Arsenal. 

Tire, i" thick by 2".82 wide; felloe, in eight segments, 3".07 deep 
by 2".59 wide; weight, 204 pounds. 

DIAMETERS. 







1 
Excess 




Excess 






Excess 


Num- 
ber. 


Length. 


over 1 Num- 
minl- 1 ber. 
mum. ; 


Length. 


over 
mini- 
mum. 


Num- 
ber. 


Length. 


over 
mini- 
mum. 




Inches, 


Inch. 


' 


Inches, 


Inch. 




Inches. 


Inch, 


1 


67.79 


.19 


7 


67.81 


.21 


12 


67.73 


.18 


2 


67.77 


.17 


8 


67.74 


.14 


18 


67.82 


.22 


S 


67.69 


.09 ' 9 


67.82 


.22 


14 


67.83 


.28 


4 


57.80 


0. 10 


67.85 


.26 


16 


67.73 


.18 


5 


67.74 


.14 , 11 
.21 1 


67.79 


.19 


16 


57.65 


.05 


6 


57.81 













Diameter No. 16 was over junction of felloe segments. 

Wheel No. 3. 

14-spoke wheel for 3-inch field carriage, model 1902, received from 
Archibald Wheel Company. Lawrence, Mass. 

Tire, f " thick by 2".96 wide; felloe, in two segments, 2".20 deep by 
2". 78 wide. 

DLA.MBTER8. 







Excess 






Excess 






Excess 


Num- 
ber. 


Length. 


over 
mini- 
mum. 


Num- 
ber. 


Length. 


over 
mini- 
mum. 


Num- 
ber. 


Length. 


over 
mini- 
mum. 




Inches, 


Inch, 




Inches. 


Inch, 




Inches, 


Inch, 


1 


66.79 


.16 


6 


56.75 


.12 


11 


56.76 


.12 


2 


.66.76 


.13 


7 


56.78 


.16 


12 


66.68 


0. 


8 


66.78 


.l^ 


8 


66.75 


.12 


13 


66.68 


.06 


4 


66.74 


.11 


9 


56.79 


.16 


14 


66.67 


.04 


6 


66.79 


.16 


10 


66.77 


.14 









Diameter No. 14 was over junction of felloe segments. 
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Wheel No. 7. 

14-spoke wheel for 3-inch field carriage, received from Seventh Bat- 
tery, Field Artillery, Fort Riley. This wheel had been in service. 

Tire, f" thick by 2".96 wide; felloe, in two segments, 2". 14 deep by 
2",68 wide. 

The rim of this wheel was polygonal, being flattened between spokes. 

DIAMETERS. 







Exeeffi 






Exceos 


1 




Ezreaa 


Num- 
ber. 


Length. 


over 
mini- 
mum. 


Num- 
ber. 


Length. 


over 
mini- 
mum. 


Num- 
ber. 


Length. 


over 
mini- 
mum. 




Inchoi. 


Inch. 


1 
1 


Incke». 


Inch. 




Inches. 


Inch. 


1 


55.95 


.36 


1 6 


55.87 


.28 


11 


55.98 


.39 


2 


55.96 


.87 


7 


55.99 


.40 


12 


55.81 


.22 


8 


56.02 


.48 


8 


55.87 


.28 


1 18 


55.79 


.20 


4 


55.94 


.86 


1 9 


55.98 


.39 


1 14 


55.59 


0. 


5 


66.99 


.40 


1 10 

1 


55.92 


.88 









Diameter No. 14 was over junction of felloe segments. 

Wheel No. 8. 

14-spoke wheel for 3-inch field carriage, received from Rock Island 
Arsenal. 

Tire, f" thick by 2". 98 wide; felloe, in two segments, 2". 14 deep 
by 2".76 wide; weight, 125 pounds. 

DIAMETERS. 







Exoes 


1 




Excess 


1 
1 




BxeesR 


Num- 
ber. 


Length. 


ovtr 
mini- 
mum. 

iMh. 


Num- 
' ber. 


Length. 


over 
mini- 
mum. 

Inch. 


Num- 
ber. 


Length. 


over 
mini- 
mum. 

Inch. 




Inches. 


Inches. 




Inches. 


1 


66.72 


.02 


6 


55.93 


.23 


11 


56. 87 


.17 


2 


55.70 


0. 


i 7 


55.92 


.22 


l''^ 


55.86 


.16 


8 


56.83 


.18 


8 


55.84 


.14 


13 


55.89 


.19 


4 


66. »7 


.17 


9 


55.86 


.16 


14 


55.80 


.10 


5 


56.94 


.24 


1 '" 


55.84 


.14 









Diameter No. 14 was over junction of felloe segments. 
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TESTS ON FORCE REQUIRED TO OVERCOME THE DISHING, 
FIRST GROUP. 

Tests on the resistance of the wheels a^inst movement of the rims 
with reference to the naves, to show the force ret^uired to overcome 
dishing and to cause additional movement of' the rims. Rims loaded 
on outside face of wheels in four places, equidistant; naves supported 
at their inner ends. 

Wheel No. 1. 

16-spoke wheel for 3.2-inch field carriage, received from Rock Island 
Arsenal. 

Tire, i" thick by 2".82 wide; felloe, in eight segments, 3".07 deep 
by 2".69 wide; weight, 204 pounds. 





Movement 




sr" 


of rim with 

reference 

to the nave. 


Remarks. 


JPbicnds. 


Inches. 




600 


0. 


Initial load. 


4,000 


.81 




6,000 


.60 




8.000 


.76 


Dishing nearly gone. 


8,500 


.82 




9.000 


.88 




9,500 


.99 




10,000 


1.08 


Wheel creaked. 


4,000 


.67 




6.000 


.70 




8,000 


.87 




8,500 .90 




9.000 


.96 




9,500 


1.00 




10,000 


1.06 




4,000 


.67 




500 


.19 




4,000 


.49 




8,000 


.87 




8,600 


.90 




9,000 


.96 




9,600 


1.00 




10,000 1.07 




10,000 1.08 


After 2 minutes. 


4.000 .60 




600 1 .19 




600 .17 




4,000 


.47 




8,000 


.86 




9,000 


.96 




10,000 


1.07 




10,000 


1.06 


Do. 


4,000 


.60 




600 


.20 
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Wheel No. 2. 

16-spoke wheel for 3.2-inch field limber, received from Rock Island 
Arsenal. 
Tire, i" thick; weight, 176 pounds. 





Morement 






^oSSf 


of rim with 

reference 

to the nave. 




Remarks. 


Pounds. 


Inches. 






600 


0. 


Inltlalload. 




2,000 


.13 






4.000 


.85 






6,000 


.64 


Wheel creaked. 




6,450 
600 
500 


.75 
.14 
.18 


DUhlng about gone. 




After 2 minutes. 




2,000 


.28 






4.000 


.48 






6,000 


.71 






6,200 


.75 






500 


.14 






2,000 


.28 






4,000 


.48 






6,000 


.72 






6,180 


.76 






500 


.16 






6,160 


.75 






500 


.15 






6,220 


.76 




' 


7,000 


.88 






7,640 


1.00 






600 


.18 






600 


.16 


After U hours' rest. 




5,960 


.76 






7,580 


1.00 






500 


.18 







Wheel No. 3. 

14-spoke wheel for 3-inch field carriage, model 1902, received from 
Archibald Wheel Company, Lawrence, Mass. 

Tire, f" thick by 2". 96 wide; felloe, in two segments, 2". 20 deep by 
2". 78 wide. 



Applied 
loads. 


Movement 

of rim with 

reference 

to the nave. 




Pwknds. 

500 
1,000 
1,500 
2,000 
2,500 
3.000 
3,500 
4,000 
4,510 

600 
4,200 
5,000 
5,200 

600 
8,960 

500 


Ittches. 

0. 
.04 
.12 
.21 
.30 
.39 
.49 
.61 
.75 
.14 
.75 
.92 

1.00 
.22 
.76 
.22 


Initial load. 

Wheel creaked. Dishing taken out. 
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16-8poke wheel for 3-inch field carriage, model 1902, received from 
Archibald Wheel Company, Lawrence, Mass. 
Tire, f " thick. 



Movement 






Applied of rim with 
lo€ui8. reference 




Remarks. 


Poundi. 


to the nave. 






Inches. 






500 


0. 


Initial load. 




1,000 


.07 






1,500 


.12 






2,000 


.19 






2,500 


.27 






3,000 


.35 


Dishing removed. 


• 


3,500 


.43 






4,000 


.55 




, 


4.300 




Wheel creaked. 


» 


4,500 


.'67" 






4,8^ 


.75 






500 


.11 






4,800 


.75 






5,000 


.81 






5,500 


.96 






5,620 


1.00 






500 


.19 






4,250 


.76 






500 


.19 







Wheel No. 5. 

14-spoke wheel for 3-inch field carriage, received from Archibald 
Wheel Company, Lawrence, Mass. 
Tire, i" thick. 





Movement 




Applied 


of rim with 


Ki'i 


loads. 


reference 




Pounds. 


to the nave. 
Inchti'. 






500 


0. 


Initial load. 


1,000 


.07 




1,500 


.13 




2,000 


.22 




2,500 


.80 




3,000 


.40 




3,600 


.51 


Wheel creaked. Dishing removed. 


600 


.07 




4,000 


.63 




4,360 


.76 




500 


.12 




4,500 


.80 




5,000 


.96 




6.100 


1.00 




500 


.22 




3,860 


.76 




500 


.-« 
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Wheel No. 6. 

16-spoke wheel for 3- inch field carriage, received from Archibald 
Wheel Company, Lawrence, Mass. 
Tire, i" thick. 





Movement 




Applied 
loads. 


of rim with 

reference 

tothenare. 


Remarks. 


Pounds. 


Inches. 




500 


0. 


Initial load. 


1,000 


.06 




1,500 


.11 




2,000 


.19 




2,500 


.25 




8,000 


.88 


• 


3,500 


.41 




4,000 


.51 




4,100 


.54 


Wheel creaked. 


4,800 

500 

4,860 


.72 
.18 
.76 


Dlsliing removed. 




5,000 


.79 




5,500 


.08 




5.680 


1.00 




500 


.27 




4,250 


.76 




600 


.27 





WHEELS FOB FIELD CABBIAGES AND LIICBEBS. 



198 



SECOND GROUP. 

Tests on the resistance of wheels against movement of the rims with 
reference to the naves, to show the force required to overcome dishing 
and to cause additional movement of the nms. Rims loaded on out- 
side face of wheels in four places, equidistant; naves supported at 
their inner ends. 

Also tests on the resistance of wheels against movement of the rims 
with reference to the naves, to show the force required to increase dish- 
ing. Rims loaded in the same manner as above, but on the inside, with 
naves supported at their outer ends. 

Wheel No. 9. 



GOVERNMENT WHEEL. 

16-spoke wheel with steel hub, for 3-inch field carriage, received 
from Archibald Wheel Company, Lawrence, Mass. 

Tire, i" thick by 2".97 wide; felloe, in two segments, 2'MO deep by 
2".72 wide; weight, 158 pounds. Amount of dishing, ".96. 

The spokes of this wheel were bent. Measured on the concave side 
the deflections, measured on a chord of 18", were: ".06, ".06, ".09, 
".10, ".13, ".11, ".13, ".07, ".08, ".13, ".12, ".10, ".10, ".11, ".06, ".10. 

TEST ON FORCE REQUIRED TO OVERCOME THE DISHING. 





Movement 




Ycsr 


of rim with 

reference 

to the nave. 


RemarkK. 


Pounds. 


Inches. 




600 


0. 


Initial load. 


1,000 


.04 




1,600 


.09 




2,000 


.14 




2,600 


.19 




3.000 


.28 




3,200 
8,600 




Wheel creaked. 


"si"' 


4.000 


.89 




4,600 


.48 




5,000 


.63 




6,600 


f .88 
t 1.09 


Diahing removed at about ".96 movement 


After BU8tainin«r load 8 minutes. 


600 


.89 




6,600 


1.09 




600 


.39 




1,000 


.42 




1,600 


.48 




2,000 


.58 




2,600 


.60 




3.000 


.66 




3.600 


.72 




4,000 


.80 




4,600 


.88 




6,000 


.99 




6,600 


1.09 




500 


.39 





Wheel removed from testing machine. 

Deflections of spokes, measured on chord of 18", now: ".06, ".04, ".09, 
".09, ".12, ".11, 'U2, ".07, ".09, ".12, ".11, ".08, ".08, ".08, ".05, ".10. 

EL Doc. 22, 59-1 18 
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Wheel returned to testing machine and loaded in the opposite 
direction to determine force required to increase dishing. 





MovemeDt 


1 - - 


Yossr^ 


of rim with 

reference 

to the nave. 


Remarks. 


Pounds. 


Inchrs. 




500 


0. 


InltUl load. 


1,000 


.04 




1,300 




Wheel creaked. 


1,500 


.ii" 




2,000 


.28 




2,500 


.82 




3,000 


.42 




3.500 


.50 




4,000 


.61 




4,500 


.73 




5,000 


.88 




5,500 

500 
5,500 


f .96 

1 1.02 

.60 

1.01 






600 


.61 




1,000 


.68 




1,500 


.68 




2,000 


.70 




2,500 


.78 




8.000 


.78 




8,500 


.81 




4,000 


.87 




4.500 


.90 




5,000 


.97 




5,500 


1.02 




500 


.61 





Wheel removed from testing machine. 

The spokes showed a movement at the circumference of inner nave 
box flange of about ".03 each. This was evidenced bv the fresh sur- 
face of wood exposed to view. At the outer ends of the spokes and on 
the opposite side — that is, on the outside face of the wheel — there were 
openings of ".01 to ".02 between the felloe and the ends of the spokes. 
The joints were all closed at this place on the other side of the wheel. 

Deflections of spokes, measured on chord of 18", now: ".06, ".03, 
".08, ".09, ".13, ".09, ".13, ".07, ".08, ".12, ".10, ".09, ".08, ".07, ".04, 
".09. 
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Wheel- No. 10. 

16-spoke wheel with regular, cast-iron, Archibald hub, for 3-inch 
field carriage, received from Archibald Wheel Companj' , Lawrence, 
Mass. 

Tire, i" thick. Weight: wheel, 174 pounds; nut on hub, 2.5 pounds; 
total, 176.5 pounds. Amount of dishing, ".58. 

The spokes of this wheel were bent. Measured on the concave side, 
the deflections, on a chord of 18", were: ".02, ".09, ".08, ".08, ".02, 
".10, ".08, ".08, ".03, ".12, ".06, ".05, ".07, ".07, ".07, ".07. 

TEST ON FORCE REQUIRED TO OVERCOME THE DISHING. 





Movement 




Applied 
loads. 


of rim with 

reference 

to the nave. 


RemarkH. 


Pounds. 


Inches. 




500 


0. 


Initial load. 


1,000 


.08 




1,500 


.09 




2,000 


.16 




2,500 


.20 




8,000 


.25 




3,600 


.81 




4,000 


.87 




4.500 


.'42 




5,000 


.61 




5.500 


.60 




6,800 




Wheel creaked. 


6.000 


.'72*' 


Dishing removed. 


6,500 


.88 




7,000 
500 


J 1.00 

t 1.12 

.85 


After sustaining load 8 minutes. 


Measurement of diameter of wheel, taken between ends of spokes: 






Micrometer readings— 


500 
7,000 




".0012 
".0010 




500 
7,000 




".0014 


i.'is" 


".0006 


500 


.48 


".0016 

".0011 difference. 

Same taken opposite ends of spokes: 
Micrometer readings— 


500 
7,000 




-".0236 




-".0244 


600 




-".0286 
".0008 difference. 








The wheel is seen to decrease in diameter slightly. ".0011 or ". 0008 over 
the points measured, as the load of 7,000 pounds is applied. 


500 
1,000 


.89 
.45 




1.500 


.60 




2,000 


.65 




2,500 


.61 




8,000 


.68 




8,800 


.72 




4,000 


.80 




4,600 


.86 




5,000 


.91 




5,500 


1.00 




6,000 


1.08 




6,500 


1.18 




7,000 


1.21 




600 


.42 





Wheel remoyed from testing machine. 

Deflections of spokes, measured on chord of 18", now: ".02, ".07, 
".06, ".06, ".00, ".07, ".06, ".06, ".01, ".07, ".06, ".02, ".06, ".06, ".05, 
".04. 
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Wheel returned to testing machine and loaded in the opposite direc- 
tion, to determine force required to increase dishing. 





Movement 




Applied 
loads. 


of rim with 

reference 

to the nave. 


Remarks. 


Pounds. 


Inche*. 




600 


0. 


Initial load. 


1,000 


.03 




1,600 


.10 


• 


2,000 


.18 




2,500 


.25 




8,000 


.84 


, 


8,600 


.42 




4,000 


.51 




4.500 


.60 




5.000 


.70 




5,500 


.79 




6.000 


.89 




6,500 


1.01 




6,800 




Wheel creaked. 


7,000 
600 


/ i.'ie"' 

\ 1.29 


After sustaining load 8 minutes. 


Wheel rested 16 houre. 




500 


.61 




1,000 


.68 




1.600 


.71 




2,000 


.76 




2,600 


.80 




8,000 


.85 




8,600 


.90 




4,000 


.94 




4,600 


.99 




5,000 


1.04 




6,600 


1.09 




6,000 


1.14 




6,600 


1.21 




7,000 


1.29 


, 


600 .68 

1 


. 



Wheel removed from the testing machine. 

The spokes were disturbed at the hub end, showing a movement of 
about ".02 at the circumference of the inner nave box flange. The 
joints at the tenon ends, at junction of spokes and felloe, were opened 
on opposite side of wheel from the movement shown at inner ends of 
the spokes — that is, at the outside face of the wheel. Some of these 
joints were open prior to the test, but openings were increased dur- 
ing test. 

Deflections of spokes, measured on chord of 18", now: ".03, ".09, ".07, 
".08, ".02, ".11, ^07, ".09, ".04, ".11, ".06, ".04, ".07, ".07, ".07, ".07. 




EHRHARDT, WOODEN, FiELD CARRIAGE WHEEL. 



MEtiOT>PE CO.. BOSTON. 
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Wheel No. 11. 
ehrhardt wooden wheel. 

12 -spoke wheel for 3-ineh Ehrhardt "field carriage, received from 
Sandy Hook proving ground. 

Tire, ".43 thick by 2". 55 wide; felloe, in three segments, 2". 35 
deep by 2". 57 wide at edge next tire and 2". 63 wide at inner edge; 
weight, 141 pounds. Amount of dishing, ".75. 

TEST ON FORCE REQTTIRED TO OVERCOME THE DISHING. 



Applied 
loads. 



Movement 

of rim with 

reference 

to the nave. 



Pounds. 

500 

1,000 

1,500 

2,000 

2.500 

3,000 

3,600 

4,000 

4.500 

5,000 

5.500 

6,000 

0,500 

7,000 

7,500 

8,000 

8,500 

9,000 

9.500 

10,000 

600 

10,000 

10,600 

11,000 

11,500 

12,000 

500 

Spokefl 

600 

1.000 

2,000 

8,000 

4,000 

5,000 

6.000 

7.000 

8,000 

9.000 

10,000 

11,000 

12.000 

500 



Tnclie*. 
0. 
.02 
.05 
.08 
.10 
.14 
.16 
.19 
.21 
.24 
.27 
.30 



.41 
.45 
.49 
.53 
.58 
.67 
.13 
.64 



.78 

.80 



{ K 



Remarks. 



Initial load. 



Wheel creaked. 



Dishing remoyed. 



.29 



After sustaining load 8 mlnntes. 



!«how a movement at the circumferenee of the inner nave-box flange 

.27 

.28 

.32 

.38 

.43 

.48 

.58 

.60 

.68 

.78 

.88 
1.00 
1.18 

.29 



Wheel removed from testing machine. 
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Wheel returned to the testing machine and loaded in the opposite 
direction, to determine force required to increase dishing. 



1 Movement 




Applied 
loads. 


of rim with 
reference 


Remarks. 




to the nave. 




Pounds. 


Tnchea. 




600 


0. 


Initial load. 


1,000 


.03 




1,500 


.08 




2,000 


.12 




2,600 


.18 




3,000 


.28 




8,600 


.28 




4,000 


.38 




4,600 


.38 




5,000 


.48 




5,500 


.48 


Wheel creaked. 


6,000 


.56 




6,500 


.61 




7,000 


.69 




7,600 


.79 




8,000 


.91 




8,600 


1.01 




9.000 


1.19 




600 


.49 




1,000 


.50 




2,000 


.56 




8,000 


.62 




4,000 


.69 




5,000 


.77 




6,000 


.85 




7,000 


.97 




8,000 


1,10 




9,000 


1.22 




500 


.51 





A movement of the spokes occurred at each end. 




ehrmardt, steel, field carriage wheel, 
appearance after testing. 
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Wheel No. 12. 
ehrhardt steel wheel. 

14-spoke wheel for 3-inch Ehrhardt field limber, received from Sandy 
Hook proving ground. 

Tire ".43 thick by 2".49 wide; felloe, in two segments, 1".80 deep 
by 2". 48 wide; weight, 144 pounds. 

Inner ends of spoke bosses are spread about 4". 10 on the length of 
hub. The bosses of the outer seven spokes are 1".82 outside the plane 
of the felloe, the bosses of the inner seven spokes being 2".28 inside 
the plane of the felloe. 





Movement 




Applied 
loads. 


ofrlmwi h 
reference 


Remarks. 




to the nave. 

1 


Pounds. 


Inches. 




500 


0. 


Initial load. 


1,000 


0. 




1,500 


.02 




2,000 


.04 




2,500 


.07 




3,000 


.10 




3,500 


.12 




4,000 


.14 




4,500 


.17 




5,000 


.19 




5,500 


.22 




6,000 


.27 




6,500 


.80 




7,000 


.85 




7,600 


.41 




8,000 


.49 




8,500 


.60 


3 spokes partially disabled. 


9,000 


.78 




9,300 


\ 180 juitimate strengrih. 

1 



Three spokes of the inside circle of seven were buckled, and six 
spokes of the outside circle of seven were loosened at the hub end. 
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Wheels Nos. 13 to 24, inclusive, groups 3 and 4, had 16 spokes each, 
with tires i" and f " thick. Three types of outer nave boxes are rep- 
resented. 

Type A has a flange ".28 thick with a filling ring at the base of the 
flange fitting the hub portion of the inner nave box. It also fits the 
hub at the end opposite the fiance. 

Type B has a flange ".34 thicK, and a bearing on the hub under the 
flange and at its outer end. 

Type C has a flange ".44 thick and a fit on the hub the same as 
typeB. 

THIRD GROUP. 

Tests on the resistance of wheels against movement of the rims with 
reference to the naves. 

Bims loaded in four places, equidistant; naves supported at their 
ends. 

Wheel No. 13. 

TYPE A, i" TIRE. 

Undishing test; cap in place on outer end of hub. 





Movement 






^«£^ 


of rim with 

reference 

to the nave. 


Remu-ks. 




Pounds. 


Inehet. 






600 


0. 


Initial load. 




1,000 


.06 






1,600 


.09 






2,000 


.18 






2,600 


.19 






8,000 


.22 






3.500 


.28 






4,000 


.82 






4,600 


.88 






5,000 


.42 






5,600 


.51 






6,000 


.66 


Dishing removed. 




6,600 


.68 






7,000 


.76 






7,600 


.86 






7,960 


1.00 


Opening between two spokes and outer nave-box flange, ".006. 
opening shown on 14 spokes. 


No 


7,960 

600 

1,000 


1.07 
.31 
.38 


After sustaining load 5 minutes. 








1,500 


.89 






2,000 


.44 






2,600 


.49 






8,000 


.58 






8,500 


.59 






4,000 


.62 






4,600 


.69 






5,000 


.73 






5,500 


.79 






6,000 


.84 






6,600 


.89 






7,000 


.96 






7,800 


1.00 






600 


.81 







Test discontinued. 




o 

5 
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Wheel removed from testing^ machine, flange bolts loosened, cap 
removed, and outer flange box oacked off. This allowed the dishing 
to increase ".17 over the amount when the bolts were acting. 

Test resumed with no pressure on outside flange. 





Moyement 






AjppUed 
loads. 


of rim with 

reference 

to the nave. 




Remarks. 


Pounds. 


Inch. 






500 


0. 


Initial load. 




1,000 


.04 






1,600 


.16 






2,000 


.32 






2,600 


.50 


Dl8hing removed, plus ".(H. 




3,000 


.69 






8,600 


.89 






8,750 


1.00 






500 


.28 







Supplementary test discontinued. 

Tire cut apart and removed from the wheel. (Contraction in circum- 
ference of tne tire with reference to the free diameter of the felloe. 
".24. Ends of the tire closed in, overlapping 9".60 when removed 
from felloe. 

Test resumed with tire removed. Flange bolts and hub cap 
retightened. 





Movement 




Applied 
loads. 


of rim with 

reference 

to the nave. 


RemarkB. 


Pounds. 


Inch. 




600 


0. 


Initial load. 


1,000 


.08 




1,600 


.12 




2,000 


.20 




2,600 


.27 




3,000 


.34 


Dishing removed. 


8,600 


.41 




4,000 


.50 




4,600 


.59 


Wheel creaked. 


5,000 


.68 




5,500 


.76 




6,000 


.88 




6,600 


.96 




6,560 


1.00 




600 


.29 
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Wheel No. 14. 

TYPE B, i" TIRE. 

Undishing test; cap in place on outer end of hub. 



Movement 




Ycffi,^ 


of rim with 

reference 

to the nave. 


Remarks. 


Pounds. 


Inc?i. 




500 


0. 


Initial load. 


1,000 


.04 




1,600 


.09 




2.000 


.12 




2,500 


.19 




8,000 


.22 




3,500 


.28 




4,000 


.32 




4,500 


.39 




5,000 


.44 




6.500 


.52 




6,000 


.60 




6,350 


.70 


Dishing removed. 


6,500 


.72 




7,000 


.81 




7,500 


.91 




7,680 


1.00 




500 


.26 




Flange 


)olt nutH ba 


eked off i turn each. 
Initial load. 


0. 


1,000 


.06 




1,500 


.10 




2,000 


.18 




2,500 


.25 




3,000 


.31 




3,500 


.39 




4,000 


.47 




4,500 


.59 




5,000 


.70 




5,500 


.82 




6,000 


f .98 
t 1.00 




600 


.21 





Wheel removed from the testing machine and nuts retightened with 
a 14:-inch wrench. 

Wheel returned to the testing machine and loaded in the opposite 
direction, to determine force required to increase dishing. 





Movement 




Applied 


of rim with 




loads. 


reference 


Remarks. 




to the nave. 




Poundit. 


Inch. 




500 ■ 


0. 


Initial load 


1.000 


.06 




1,600 


.10 




2,000 


.17 




2,500 


.22 




3,000 


.29 




3,500 


.36 




4,000 


.42 




4,500 


.49 




5,000 


.68 




5,500 


.66 




6.000 


.72 




6,r.oo 


.81 




7.000 


.90 




7,480 


1.00 




600 


.38 
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Wheel No. 15. 

TYP15 C, i" TIRE. 

Undishing test; cap in place on outer end of hub. 
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Movement 






Applied of rim with 
loads. 1 reference 


Remarks. 






to the nave. 






Pounds. 


Inch. 


^ 




600 


0. 


Initial load. 




1.000 


.Oi 






1,600 


.09 






2,000 


.12 






2,500 


.18 






3,000 


.21 






3,500 


.27 






4,000 


.81 






4.500 


.37 






5,000 


.41 






5,200 




Wheel creaked. 




5,600 


.'49 " 






6,000 


.57 




6,600 


. 63 Dlshinir removed. 




7,000 


.75 




7,600 


.84 




»'«» ,{ lioo 




500 1 .21 , 




Flange bolt nuta backed off I turn each. 




500 


0. 


Initial load. 




1,000 


.05 






1,500 


.10 






2,000 


.15 






2.500 


.20 






8,000 


.26 






8,600 


.31 






4,000 


.38 






4,500 


.44 






5,000 


.53 






5,5C0 


.65 






6,000 


.77 






6,500 


.90 






6,720 


1.00 






500 


.18 






Cap nut on nave box backed otl i turn, flange bolt nutii remaining backed off as 


before. 


600 


0. ; Initial load. 




1,000 


.06 






1,500 


.13 






2.000 


.21 






2,600 


.80 






8,000 


38 






8,600 


.44 






4,000 


.51 






4,600 


.60 






5,000 


.68 






6,600 


.76 






6,000 


.87 






6,600 


.97 






6,660 


1.00 






500 


.02 
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Wheel removed from the testing machine and nuts retightened with 
a 14-inch wrench, the cap nut also being retightened. 

Wheel returned to the testing machine and loaded in the opposite 
direction, to determine force required to increase dishing. 





Movement 




YoSr 


of rim with 

reference 

to the nave. 


Remarkj). 


Pound*. 


Inch. 




600 


0. 


InltlAl load 


1,000 


.06 




1,500 


.10 




2,000 


.14 




2,600 


.19 




8,000 


.22 




8,600 


.28 




4,000 


.32 




4.600 


.38 




5,000 


.44 




5,500 


.50 




6,000 .58 




6,600 


.64 




7,000 


.71 


Wheel creaked. 


7,600 


.79 




8,000 


.87 




S,600 


.98 




8,900 


1.00 




600 


.29 
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Wheel No. 16. 

TYPE A, i" TIRE. 

Undishing test; cap in place on outer end of hub. 
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Movement 






Applied 
loads. 


of rim 
with refer- 
ence to the 

nave. 




Remarks. 


Pounds. 


Inch. 






600 


0. 


Initial load. 




1,000 


.03 






1,600 


.10 






2,000 


.14 






2,600 


.18 






3,000 


.28 






8,600 


.27 






4,000 


.82 






4,600 


.38 


Dishing removed. 




6,000 


.48 






6,600 


.50 






6,000 


.50 






6,600 


.68 






7,000 


.76 






7,600 


.85 






8,000 


1.00 






600 


.28 






Flange 


x)lt nuts backed off k turn each. 




0. 


Initial load. 




1,000 


.08 






1,500 


.09 






2,000 


.14 


Dinhing removed, plus ".02. 




2,600 


.20 






3,000 


.26 






8,600 


.81 






4,000 


.88 






4,ft00 


.45 






6.000 


.68 






6,600 


.68 






6,000 


.82 






6,600 


1.00 






600 


.22 







Wheel removed from the testing machine and nuts retightened with 
a 14-inch wrench. 

Returned to the testing machine and loaded in the opposite direc- 
tion, to detennine force required to increase dishing. 





Movement 




AppUed 
loads. 


of rim 
with refer- 
ence to the 

nave. 


Remarks. 


Poundt. 


Inch, 




600 


0. 


Initial load. 


1.000 


.06 




1,500 


.11 




2,000 


.19 




2,600 


.26 




8,000 


.81 




8,600 


.80 




4,000 


.48 




4,600 


.67 




6,000 


.65 




5,600 


.76 




6,000 


.88 




6*460 


1.00 




500 


.40 
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Wheel No. 17. 

TYPE B, t" TIRE. 

Undishing te«t; cap in place on outer end of hub. 





Movement 






Applied 
loada 


of rim with 

reference 

to the nave. 




Remarkfl. 


POUJUlli. 


Inch. 






500 


0. 


Initial load. 




1,000 


.05 






1,500 


.10 






2,000 


.15 






2,500 


.20 






8,000 


.28 






3,500 


.28 






4,000 


.31 






4,500 


.37 






6,000 


.43 






5,500 


.50 






6,000 


.57 






6,500 


.64 






6,900 


.70 


Dishing removed. 




7,000 


.75 






7,600 


.84 






8,000 


.92 






8,300 


1.00 




' 


500 


.21 






n^e 


Mjit nuts backed off i tuni each. 
0. IniUal load. 






1,000 


.07 






1,600 


.12 






2,000 


.17 






2,600 


.21 






3,000 


.27 






3,600 


.32 






4,000 


.39 






4,600 


.45 






5,000 


.52 






5,500 


.61 






6,000 


.74 






6,500 


.91 






6,620 


1.00 






600 


.12 






Cap nut on nave box backed off h turn. 


Flange bolt nuts remain backed off as before. 


&X) 


0. 


IniUal load. 




1,000 


.08 






1,500 


.15 






2,000 


.21 






2,500 


. .30 






3,000 


.39 






3,500 


.45 






4,000 


.52 






4,500 


.61 






5,000 


.70 






5,500 


.80 






6,000 


.91 






6,340 


1.00 






500 


.05 
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Wheel removed from the testing machine and nuts retightened with 
a 14-inch wrench, also retightening the nave-box cap. 

Wheel returned to the testing machine and loaded in the opposite 
direction, to determine force required to increase dishing. 





Movement 


Applied 


of rim with 


loads. 


reference 




tothenaye. 


Pounds. 


Inch. 


500 


0. 


1,000 


.06 


1,600 


.10 


2,000 


.12 


2,500 


.18 


8,000 


.22 


3,600 


.27 


4,000 


.88 


4,500 


.89 


6.000 


.46 


6,500 


.52 


6,000 


.60 


6,500 


.68 


7,000 


.78 


7,600 


.86 


8,000 


.96 


8,280 


1.00 


500 


.87 



RcmarkK. 



Initial load. 



Wheel creaked. 
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Wheel No. 18. 

TTPE O, i" TIBE. 

Undishing test; cap in place oq outer end of hub. 



Movement 






YoSr 


of rim with 
reference 
to the nave. 


Remarks. 




Poandi. 


Imh. 






600 


0. 


Initial load. 




1,000 


.04 






1,600 


.10 






2,000 


.12 






2,600 


.18 






8,000 


.21 






8,600 


.27 






4.000 


.81 






4,600 


.88 






5.000 


.43 






6,500 


.52 Rested 10 minutes. 




!'2K 


. 59 Dishing overcome ''.08 i: . 




6,600 


.69 : 




7,000 


.76 




7.500 


.84 1 




8,000 


.94 




8,100 


1.00 




600 


.25 




NutB on flange bolUi backed off 4 turn each. 
600 0. 1 Initial load. 




1,000 


.07 






1,600 


.12 






2,000 


.17 






2,600 


.22 




1 


8,000 


.29 






8,600 


.87 






4,000 


.42 






4,600 


.51 






5,000 


.61 






5,600 


.72 






6,000 


.86 






6,600 


t 1.01 






600 


.80 






Gap nut on nave box backed off i turn. Flange bolt nuts remain backed off as before. 




5oo 


0. • Initial load. 


1 


1,000 


.07 




1,600 


.15 




2,000 


.21 




2,600 


.80 ' 




8,000 


.88 , 




8,600 


.45 






4,000 


.52 






4.600 


.61 


Wheel creaked. 




5,000 


.70 






5,600 


.78 






6,000 


.87 






6,600 


.96 






0.700 


1.00 






600 


.10 
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Wheel removed from the testing machine and nuts retightened with 
a 14-inch wrench, also tightening the nave-box cap. 

Returned to the testing machme and loaded in the opposite direc- 
tion, to determine force required to increase dishing. 





Movement 




AppUed 
loads. 


of rim with 

reference 

to the nave. 


Remarks. 


Poundg. 


Inch. 




500 


0. 


Initial load. 


1,000 


.07 




1,500 


.11 




2,000 


.15 




2,500 


.19 




3,000 


.28 


"• 


3,500 


.80 




4,000 


.36 




4.500 


.41 


Wheel creaked. 


5,000 


.49 




5,500 


.54 




6,000 


.61 




6,500 


.70 




7,000 


.79 




7,600 


.87 




8.000 


.96 




8,250 1.00 




600 .30 





Tire cut apart and removed from the wheel. Contraction of cir- 
cumference of the tire with reference to the free diameter of the 
felloe, ".28. Ends of tire overlapped when removed from the fel- 
loe, 12".10. 

Wheel returned to the testing machine and tested in an undishing 
direction with tire removed. Flange bolt nuts and hub cap retightened. 



tsr 



Powtds. 

500 
1,000 
1,500 
2,000 
2,500 
3,000 
3.500 
4,000 
4,500 
5,000 
5,500 
6,000 
6,500 
6,7«0 

500 



Movement 

of rim with 

reference 

to the nave. 




Remarks. 




Inch. 
0. 
.06 
.12 
.19 
.26 
«i 


Initial load. 







.40 
.49 
.57 
.66 
.75 
.86 
.96 
1.00 
.28 



Dishing removed. 
Wheel creaked. 



H. Doc. 22, 69-1 14 
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Wheel removed from the testing machine and flange bolt nuts and 
hub cap again retightened. 

Returned to the testing machine and loaded in the opposite direction, 
to determine force required to increase dishing. 





Movement 


• 


YoSar 


of rim with 

reference 

to the nave. 


Remarks. 


Pounds, 


Inch. 




600 


0. 


Initial load. 


1,000 


.06 




1,600 


.18 




2,000 


.19 




2,600 


.26 


Wheel creaked. 


8,000 


.88 




8,600 , 


.42 




4,000 


.49 




4,600 


.68 




6,000 


.67 




6,600 


.76 




6,000 


.88 




6,600 


.96 




6,850 


1.00 




600 


.26 





FOURTH GROUP. 

Tests on the resistance of wheels against movement of the rims with 
reference to the naves. 

Rims loaded in one place. 

The wheels of this group, by request, had the nave box flange bolts 
loose when received for testing. 

Wheel No. 19. 
Tvpe A, i" tire. 

Flange bolts tightened before testing. Hub cap tight. 
Dishing of wheel, 1".07. 



Applied 
loads. 


Measurement. 


Remarks. 


A. 


B. 


Pounds. 

200 

600 

800 

1,000 

1,600 

2.000 

200 

2.800 

2,600 

2,800 

8,000 

200 

3,200 

8,600 

8,800 

4,000 

200 


Inches. 

0. 

.03 

.29 . 

.37 

.61 

.90 

.10 

1.04 

1.17 

1.86 

1.60 

.80 

1.66 

1.90 

2.24 

2.41 

.63 


Inches. 

0. 
.07 
.12 
.16 
.27 
.38 
.03 
.46 
.49 
.68 
.63 
.10 
.70 
.81 
.94 

1.01 
.26 


Initial load. 

Measurements A show the movement of the rim with reference 

to the nave at the bottom of the wheel, at the place where the 

rim was loaded. 
Measurements B show the accompanving movements of the rim at 

the top of the wheel, diametrically opposite the place loaded. 

The movement here is in the opposite direction to that at A. 



Test discontinued. 

Wheel rotated one-half turn and test resumed. 




IN'CH FifiLD CA^q-AOE 'A ^EEL, ^ESTL-D BY LOAf; 
A^'f [ El- TQ R M AT ONE PLACE. 
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Meamirements. 




YcSr 




Remarks. 


' 




A. 


B. 




Pounds. 


Inches. 


InehM. 




200 


0. 


0. 


Initial load. 


SCO 


.12 


.07 




800 


.29 


.15 




1,000 


.40 


.20 




1,500 


.69 1 .34 




2,000 


1.00 1 .50 




200 


.18 1 .25 




2,800 


1.20 , .60 




2,500 


1.36 1 .67 




2,800 


1.60 


.78 




• 8,000 


1.77 


.83 




200 


.40 


.30 




3,200 


1.91 


.90 




8,500 


2.27 


1.05 




8,800 


2.57 


1.16 




4,000 


2.80 


1.24 




200 


.74 


.46 





Test discontinued. 

Under 4,000 pounds load the 6 lower spokes of the wheel were in 
the same plane, approximately. The other 11 spokes occupied posi 
tions more or less dishing, those having the most conicity being at the 
upper part of the wheel. The conicity of the upper spokes was 
increased somewhat at the time the lower ones were undished. 



212 wheels fob field gabbiaqes and limbers. 

Wheel No. 20. 
Type A, f" tire. 

Flange bolts tightened before testing. Hub cap tight. 
* Dishing of wheel, ".58. 



1 

1 Measurements. 




YcSr 


- 


Remarks. 








A. 


B. 




Pounds. 


Inches, 


Inch. 




200 


0. 


0. 


Initial load. 


500 


.12 


.04 




800 


.26 


.11 




1.000 


.35 


.15 




1.500 


.67 


.26 




2,000 


.81 


.36 




200 


.09 


.03 




2,000 


.91 


.40 




2,500 


1.11 


.47 




2,800 


1.38 


.55 




3,000 


1.45 


.60 




200 


.•23 


.09 




3.200 


1.61 


.67 




3.600 


1.90 


.77 




3,800 


2.25 


.90 




4.000 


2.50 


.99 




200 


.61 


.22 





Test discontinued. 

Wheel rotated one-half turn and test resumed. 





Measurements. 




Yosr 




Remarks. 








A. 


B. 




Pmiiuis. 1 Inches. 


Inches. 




200 1 0. 


0. 


Initial load. 


500 .19 , .08 


- 


800 .80 ! .15 




1,000 .42 1 .20 




1,500 .6« 


.33 




2,000 .95 


.49 




200 . 16 


.15 




2,200 l.OK 


.65 




2,500 1.26 


.64 




2,800 


K48 .73 




8,000 


1.54 1 .81 




200 


.33 


.30 




8,200 


1.78 


.87 




8,500 2.07 


1.00 




8,800 2.39 ' 1.10 




4,000 2.67 1 1.19 




200 .69 I .46 

1 





Test discontinued. 
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Wheel No. '21. 
Type B, i" tire. 

Flange bolts tightened before testing. Hub cap tight. 
Dishing of wheel, ".62. 
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Measurements. 




Yo?r 




Remarks. 








A. 


B. 




Poundt. 


Incheg. 


Inch. 




200 


0. • 


0. 


Initial load. 


500 


.12 


.04 




800 


.23 


.09 




1,000 


.35 


.14 




1,600 


.57 


.24 




2,000 


.80 


.33 




200 


.09 


.04 




2,200 


.90 


.87 




2,600 


1.09 


.44 




2.800 


1.28 


.60 




S,000 


1.40 


.63 




200 


.28 


.09 




8,200 


1.57 


.58 




8,600 


1.76 


.66 




3,800 


2.00 


.72 




4,000 


2.20 


.77 




200 


.60 


.16 





Test discontinued. 

Wheel rotated one-half turn and tent resumed. 





Measurements. 




Vosr 


- . 


Remarks. 




A. 


B. 




Founds. Inches. 


Inch. 




200 0. 


0. 


Initial load. 


500 ' .16 


.07 




800 1 .29 


.13 




1,000 1 .39 


.17 




1,600 . .61 


.29 




2.000 


.88 


.40 




500 


.12 


.12 




2,200 


.98 


.42 




2,600 


1.19 


.65 




2,800 


1.88 


.60 




8,000 


1.60 


.65 


Creaked. 


200 


.31 


.22 




3,200 


1.64 


.68 




3,500 


1.89 


.82 




3,800 


2.19 


.92 




4,000 


2.39 


.98 




200 ; .60 

1 


.40 





Test discontinued. 
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Wheel No. 22. 

Type B, i" tire. 

Flange bolts tightened before testing. Hub cap tight. 

Dishing of wheel, ".62. 





MeasurementB. 




^Jff 




Remarks. 








A. 


B. 




Pounds. 


Inches. 


Inch. 




200 


0. 


0. 


Initial load. 


600 


.12 


.04 




800 


.28 


.12 




1,000 


.84 


.14 




1,500 


.57 


.29 




2,000 


.82 


.38 




200 


.09 


.05 




2,200 


.91 


.89 




2,500 


1.11 


.48 




2,800 


1.80 


.58 




8,000 


L43 


.59 




200 


.22 


.09 




3.200 


1.59 


.64 




8,500 


1.81 


.74 


Creaked. • 


8,800 


2.10 


.83 




4,000 


2.87 


.90 




200 


.59 


.19 





Test discontinued. Wheel rotated one-half turn and test resumed. 





Measurements. 


• 


".sgr 




Remarks. 








A. 


B. 




Pounds. 


Inches. 


Inches. 




200 


0. 


0. 


Initial load. 


500 


.17 


.10 




800 


.33 


.18 




1,000 


.42 


.25 




1,500 


.68 


.36 




2,000 


.91 


.45 




200 


.17 


.18 




2,800 


1.01 


.58 




2,500 


1.21 


.62 




2,800 


1.39 


.70 




3,000 


1.52 


.75 




200 


.31 


.26 




3,200 


1.68 


.80 




8,500 


1.90 


.90 




3,800 


2.20 


1.00 




4,000 


2.40 


1.10 




200 


.60 


.40 





Test discontinued. 
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Wheel No. 23. 
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Type C, i" tire. 



[1^ bolts tightened before testing. Hub cap tight. 
Dishing of wheel, ".58. 





Measorements. 




^ff 




Bemarks. 








A. 


B. 




Pounds. 


Inchet. 


Inch. 




200 


0. 


0. 


Ini<;ial load. 


600 


.16 


.06 




800 


.29 


.10 




1.000 


.36 


.18 




1,600 


.60 


.28 


, 


2,000 


.89. 


.88 




200 


.09 


.01 




2,200 


1.01 


.87 




2,600 


1.20 


.48 




2,800 


1.41 


.48 




S,000 


1.48 


.54 




200 


.21 


.08 




8,200 


1.69 


.68 




3,600 


1.98 


.66 




3,800 


2.20 


.73 




4,000 


2.40 


.78 




200 


.49 


.13 





Test discontinued. 

Wheel rotated one-half turn and test resumed. 





MeaAirements. 




te^ 




Remarks. 








A. 


B. 




PowuU. 


Inches. 


Inches. 




200 


0. 


0. 


Initial load. 


600 


.16 


.07 




800 


.80 


.18 




1,000 


.89 


.19 




1,600 


.61 


.80 




2,000 


.91 


.48 


/ 


200 


.17 


.18 




2,200 


1.08 


.49 




2,600 


1.29 


.57 




2,800 


1.49 


.65 




8,000 


1.64 


.70 




200 


.82 


.28 




3,200 


1.80 1 .75 




3,600 


2.09 1 .84 




8,800 


2.40 1 .95 




4,000 


2.69 ! 1.08 




200 


.67 


..38 





Test discontinued. 
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Wheel No. 24. 
Type C, t" tire. 

Flange bolts tightened before testing. Hub cap tight. 
Dishing of wheel, ".53. 





Measurements. 




Applied 
loads. 




Remarln. 


f 




A. 1 B. 




PouiuU. 


Inches.' Inch. 




200 


0. 


0. 


IniUal load. 


600 


.16 


.06 




800 


.29 


.11 




1,000 


.80 


.16 




1,600 


.62 


.26 




2,000 


.88 


.88 




200 


.09 , .08 




2,200 


.99 .40 




2,600 


1.18 


.49 




2,800 


1.37 


.66 




8,000 


1.60 


.61 




200 


.22 


.08 




8,200 


1.62 


.66 




8. 600 


1.88 


.74 




8,800 


2.10 


.84 




4,000 


2.80 


.90 


■ 


200 


.48 


.18 





Test discontinued. Wheel rotated one-half turn and test resumed. 





Measurements. 




AppUed 
loads. 




Remarks. • 








A. 


B. 




Pounds. 


Inches. 


IwAee. 




200 


0. 


0. 


Initial load. 


600 


.16 


.06 




800 


.80 


.14 




1,000 


.89 


.20 




1,600 


.62 


.81 




2,000 


.89 


.48 




200 


.16 


.12 




2,200 


.99 


.61 




2,600 


1.17 


.59 




2,800 


1.84 


.66 




8,000 


1.49 


.71 




200 


.81 


.22 




3,200 


1.66 


.80 




8,600 


1.86 


.88 




8,800 


2.10 


.99 




4,000 


2.81 


1.06 




200 


.68 


.35 


i i 



Test discontinued. Nuts on flang^e bolts and hub cap backed one- 
half turn each and test resumed. Wheel in same position as during 
last loading. 
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Measuiements. 




AppUed 
loads. 




Remarks. 








A. 


B. 




PoufuU. 


Inchet. 


Ijiches. 




200 


0. 


0. 


InitUl load. 


600 


.20 


.09 




800 


.41 


.24 




1,000 


.58 


.34 




1,500 


.94 


.54 




2,000 


1.31 


.76 




200 


.20 


.18 




2,200 


1.50 


.86 




2,500 


1.71 


.96 




2,800 


2.00 


1.06 




3,000 


2.20 


1.18 




200 


.40 


.34 




3,200 


2.42 


1.28 




8,500 


Z79 


1.60 




3,800 


3.20 


1.64 




4,000 


3.43 


1.60 




200 


.87 


.66 





Test discontinued. 

TEST OF A WHEEL WITHOUT A TIRE. 

Spokes and rim of wheel No. 18 assembled with hub of No. 24. 
Flange bolts and cap nut tight. 





Measurements. 




^^f 




Remarks. 








A. 


fi. 




Poundt. 


Inches. 


Inch. 




200 


0. 


0. 


Initial load. 


500 


.20 


.04 




800 


.39 


.06 




1,000 


.62 


.07 




1,500 


.90 


.08 




2,000 


1.88 .09 




200 


.28 ' 0. 




2,200 


1.60 .09 


Creaked. 


2,600 


1.99 ! .10 




2,800 


2.42 .10 




8,000 2.90 , 




200 .91 j 


I 


3,200 3.49 




3.400 5.20 ' 


i 


200 2.78 


1 L* 



Test discontinued. 
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TEST OF SINGLE SPOKES BETWEEN HUB FLANGES. HUB FROM 

WHEEL NO, £4. 

Two ilan^e bolts set up tight, one on each side of spoke. Cap nut 
and two bolts in place on opposite side of flange. 

FIRST SPOKB. 



Ycsr 


Me&flurement 
at outer end. 


Renmrks. 


Deflec- 
tion. 


Set. 


Powndt. 
100 
200 
800 
400 
600 
600 
700 


Inches, 

0. 
.12 
.29 
.46 
.68 
.91 

1.81 


Inch, 

0. 
.01 
.08 
.08 
.12 
.25 
.49 


Initial load. 



SECOND SPOKE. 

Tested between the flanges in same place as first spoke. 



100 


0. 


0. 


Initial load. 


200 


.15 


0. 




300 


.31 


.01 




400 


.50 


.04 




500 


.76 


.12 




600 


1.02 


.22 




700 


1.40 


.89 





THIRD SPOKE. 

Tested between the flanges in the same place as first spoke. 



100 


0. 


0. 


Initial load. 


200 


.21 


0. 




800 


.47 


.05 




400 


.71 


.11 




500 


1.01 


.20 




600 


1.40 


.80 




700 


1.94 


.67 





ADDITIONAL DATA, THIBD SPOKE. # 

A straightedge, resting against brads driven in the outer face, was 
used for reference purposes to show the deflection of the spoke, 
measured at the felloe end, independent of the hub. 

The brads were located 18" and 20", respectively, from the felloe 
end of the spoke. 



^^f" 


Deflec- 
tion. 


Remarks. 


PoundB. 
100 
200 
300 
400 
600 
600 
700 
100 


Inch. 
0. 
.18 
.80 
.46 
.60 
.77 
.94 
.07 


InltlAllond. 




3-INCH FIELD CARRIAGE WHEtL. 
SINGLE SPOKE TEST. 



mEIHjTvPE CO.. BObl.^N 
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POURXa 8POKE. 



Measurements of deflection were made at two places. Those at A 
show the total movement at the felloe end of the spoke with reference 
to the nave bpx; those at C, the deflection with reference to a strai^ht- 
edfre held in the same manner as for the third spoke. 



YoSr 


A. 


C. 


1 

1 
1 


Deflec- 
tion. 


Set. 


Deflec- 
tion. 


Set. 
Inch. 


Remarkji. 


POU7Ui«. 


Tnche». 


Inches. 


Inch. 




100 


0. 


0. 


0. 


0. 




20J 


.08 


.01 


.10 


0. 




300 


.'J8 


.03 


.14 


0. 




40J 


.4-2 


.07 


.20 


0. 




500 


.61 


.16 


.27 


0. 




600 


.89 


.28 


.34 


0. 




700 


1.29 < .53 


.42 


0. 




780 


8.84 j 2.1.) 


.48 


.02 





TEST ON THE EFFICIENCY OF THE ''ARCW ACTION OF THE SPOKES 

AT HUB END, 

Rim, spokes, and tire of wheel No. 24 intact, with hub removed. 
Loaded diametrically in an inward direction. 





Diamet- 




AppUed 
loads. 


rical 
move- 


Remarks. 




ment. 




Pounds. 


Inch. 




200 


0. 


Initial load. 


600 


0. 




800 


0. 




1,000 


.01 




1,600 


.02 




2,000 


.03 




2,300 


.06 




2,500 


.08 


1 spoke shows inwaxd radial movement. 


2,600 


.09 




2,700 


.09 




2,800 


.16 


3 Mpokes have taken inward movement. 


3,000 


.16 




3,100 
3,200 
3,300 


.23 
.23 
,30 


7 spokes disturbed In position. 




200 


.25 
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Stbains in the Tires. 

Table showing changes in length of tires when cut apart, with refer- 
ence to their released condition and the felloes of the wneels, when 
both tire and felloe are relieved of shrinkage strains. Also, the dis- 
tance the free ends of the tires overlapped each other after cutting 
apart and having been removed from the wheel: 



Num- 


Expan- 


Free 


Num- 


Expan- 


Free 


ber of 


Kion at 


ends 


ber of 


sion at 


ends 


wheel. 


cut. 


overlap. 


wheel. 


cut. 


overlap. 




Inch. 


Inches. 




Inch. 


Inches. 


1 


0.15 


11.75 


7 


0.09 


None. 


2 


.13 


18.00 


8 


.18 


22.00 


3 


.29 


10.25 


9 


.88 


18.25 


4 


.20 


17.75 


10 


.25 


10. ao 


5 


.24 


15.00 


11 


.16 


11.18 


6 


.28 


18.00 


12 


.34 


2.75 



TENSILE TESTS OF METAL FROM TIRES AND HUBS. 
Tensile Tests of Metal from the Tires, Steel. 

PLAIN SPECIMENS, WITHOUT WELDS. 





Dimennion-s. 


i 


k 


a* 





•s 


' 




Num- 
ber of 
wheel. 






1 


1^ 


so n 
* .d 


1 




Elongation ot inch 
Bectiona. 


Appearance 
of fractures. 


WWtli. 


Thick- 




Inehr*. 


Inch. 


So. fn* 


Pounds, 


Pounds. 


/V.d, 


iV.ft 


ft ti n a li 






Lfi07 


.602 


45,700 


67,280 


27. a 


K2.9 


.12, ,18. .24, .(Sft*,,17 


Pine ailky. 




L607 


.bdS 


.15m 


45,900 


67,020 


iao 


54.8 


.15. .14. .19. .68*. .19 


Do. 




L5J0 


.im 


.7888 


41,000 


72.090 


28.8 


41.6 


A\>, .13*, .41, ,S£5, .17 


Do. 




LfiCh» 


.4^ 


.im 


41,300 1 73,070 


24,0 


40.2 


.2;. .IS*.. 18. .Ifi, .14 


Do. 




L496 


.m 


.bm 


40,500 1 63.500 


2T.S 


hS.^ 


.IK .18, .fll*».a4. .18 


Do. 




l.SOfi 


.375 


.&647 


42,000 65,&20 


ao.o 


57.1 


.00*, .13. ,12, .07, .08 
.14, .47*, .18, .12, .14 


Do. 




um 


.SbG 


.m\ 


61, SCO f^,»40 


20.0 


40.9 


Do. 




l.fiOfl 


.m> 


.&723 


60,800 H400 


17,4 


36.6 


.12. .24*,.S»*,.l», X^ 


Do. 




1.497 


.MS 


.7600 


55,700 aO,4'.*0 


22.4 


4;k7 


M, .5**, .14, ,16. .13 


Do. 




Lsm 


.n05 


.7e05 


56,000* 7«.110 


20.0 


46.0 


,12. ..'>6*.,12. .09. .11 


Do. 




1.496 


.610 


.7eao 


59,000 , i«,2ia 


19.8 


60.1 .09 ,13/ .64*, 40, SA 


Do. 




L49a 


.510 


.7630 


66, 4O0 76, 670 


22,4 


46.2 .12, 13, .au .&4» .12 


Do. 




Lfice 


,^m 


.5^131 


42, 100 1 61, 470 


27.2 


52,3 .lit, .21, .60*, .21, ^'£2 


Do. 




l,50a 


.!J71 


.5670 


42,000 1 61,100 


24.4 


51.2 .13. .19*,,3&»,.14, .11 


Do. 


a 


um 


.a7'J 


.mri 


60, QOO SI, 680 


17.2 


-13.1 .47*, U, .10, .10, .08 


Do. 


8 


i.49y 


.3TJ 


.5691 


62, 100 1 U4. 240 


18.2 


42.5 .10, .11, .^» .27*,.10 


Do. 


9 


1.J97 


.495 


.741 


4^,)m 


A%bm 


26,0 


51.7 .12, .13, .20. .62*. .23 


^""L 


9 


L 496 


.49r) 


.741 


48.720 


70,450 


24.0 


43.6 


.63*, .2&, .17, .14, .11 


10 


L&oa 


.503 


.766 


52,2.10 


75,9^ 


22,0 


43.3 


.12. ,U, -14, .53* .n 


Do. 


10 


L500 


.500 


,760 


52,460 


78.130 


18.6 


39.2 


.12, .09, .21, .40*. .11 


Do. 


11 


L49a 


.428 


.639 


ni,%so 


101. SdO 


19.2 


33.2 


.18, 35*, .26, .12, .11 


• Do. 


11 


1.501 


,4,n 


.«47 


57,190 


102,lfiO 


21,4 


37.7 


.12, .15. ,35*, .31* .14 


Do. 


u 


1.501 


.481 


.647 


54,100 


90,260 


19.2 


42.7 


.Ofi, 10, .11, .36*, .30* 


Do. 


n 


1.496 


.443 


.662 


50,^i00 


90.09Q 


24.4 


47.1 


.15, .15, .18, .56*,. IM 


Do. 
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TENSILE TESTS OF METAL FROM TIRES AND ^CB^-Continned. 
Tensile Tests of Metal from the Tirf^, Steel — Continued. 

SPECIMENS CONTAINING WELDED JOINTS. 



Num- 
ber 
of 

wheel. 


T^n^th 
scarf. 


Dimensions. 


Sec- 
tional 
areas. 


Tensile 
strength 

per 
square 
inch. 


Description of fracture. 


width, "n^k- 

! 


1 

•J 

h 
6 
7 
S 
9 
10 
11 

12 


Inches. 
2.50 
2.85 
2.00 
2.00 
2.10 
2.50 
2.25 
2.00 


Inches. 
2.89 
2.78, 
2.99 
3.00 
8.00 
2.97 
2.98 
2.98 

2.r,i 


Inches. 
.62 
.51 
.52 
.50 
.87 
.39 
.50 
.50 
.42 

.48 


Hq. im. 
1.508 
1.418 
1.555 
1.500 
1.110 
1.158 
1.490 
1.490 
1.076 

1.205 


Pounds. 
49,100 
48,800 
49,900 
89,400 
51,000 
57,800 
61,740 
51,140 
80,470 

82,990 


Along the KCHff. 

At end of scarf. Granular. 
Do. 

6" from weld. Granular. 

At end of Pcarf. Granular. 
Do. 

Along the scarf. 

Position of weld, if any existed, wan uncer- 
tain. This specimen fractured across a 
tire bolt-hole ".44 diameter, with ^75 
countersink. Appearance, silky. 

Position of weld, if any existed, was uncer- 
tain. This specimen resisted 100.000 
pounds tension without fracture. This 
tire was turned on both Inside and outside 
surfaces. It had no tire bolU, but was re- 
tained in place over the felloe by its 
shrinkage, aided by a slight flange on 

"^ the insiae at each end. 



Tensile Tests of Specimens from the Hubs, Stkel. 

SPECIMENS TAKEN OUT AFTER TESTS OF WHEELS AND NAVE BOX FLANGES. 



Num- 
ber 
of 

wheel. 

1 


1 
^^- area. 


EUstic 

limit per 

square 

Inch. 


Tensile 
strength 

per 
square 

inch. 


Elonga- 
tion. 


Con- 
trac- 
tion of 
area. 


Elonga- 
tion of 

inch 

sec- 
tions. 


Ap{i«urance of fracture. 


1 


Inch. 


Sq.itich. 


Ptfumls. 


Pounds. 


Percent. 


Per rt. 






3 


.275 


.m 


40.680 


78, 810 


32.0 


61.0 


.32* 


Fine silky. cu|>-shaptid. 


3 


.275 


.069 


41,530 


77,290 


33.0 


6L0 


.88* 


Do. 


3 


.275 


.069 


40,850 


78,810 


82.0 


61.0 


.82* 


Do. 


1 4 


.275 


.069 


51,860 


93,900 


30.0 


62.6 


.80* 


Do. 


1 1 


.•275 


.069 


52,640 


92,880 


80.0 


67.6 


.30* 


Do. 


4 


.275 


.069 


60,850 


93,060 


29.0 


52.6 


.29* 


Do. 


5 


.•275 


.069 


•40,680 


81,530 


11.0 


23.7 


.11 


Silky, irregular. 


1 •■» 


.275 


.069 


46,760 


77,970 


10.0 


23.7 


.10 


1 ' 


.275 


.059 


42,370 


77,970 


11.0 


23.7 


.11 


Do. 



Tensile Tests of Specimens from the Hubs, Malleable Iron. 

SPECIMENS TAKEN OUT AFTER TESTS OF WHEELS AND NAVE BOX FLANGES. 



Num- 
ber of 
wheel. 

1 
1 
1 
2 
2 
2 


Diam- 
eter. 


Sec- 
tional 
area. 


Tensile strength. 


Appearance of fracture. 


Total. 


Per 

square 

Inch. 


Inch, 
.505 
.506 
.506 
.506 
.606 
.506 


Sq.in. 
.20 
.20 
.20 
.20 
.20 
.20 


Pounds. 
3,100 
2,300 
4,300 
7,100 
8,000 
7,200 


Pounds. 
15,500 
11,600 
21,500 
86,500 
15,000 
36,000 


Dark gray, amorphous, spongy. 

Do. 

Do. 
Dark gray, amorphotis. 
Dark gray, amorphous, spongy. 
Dark gray, amorphous. 



222 



WHJSELS FOB FIELD CARRIAGES AND LIMBERS. 
CHEMICAL ANALYSES OF METAL FROM THE TIRES. 



Number 
of wheel. 


Carbon. 


Manga- 
neee. 


Silicon. 


Sulphur. 


Phospho- 
rus. 


5 

7 
8 


.11 
.08 
.12 


.61 
.62 
.70 


.006 
.006 
.006 


.098 
.176 
.086 


.087 
.081 
.082 



TESTS TO DETERMINE STRENGTH OF NA VE-BOX FLANGES, 

Ultimate strength was determined of nave-box flanges of wheels 
No8. 1, 2, and 10. All other ultimate strengths indicate an arbitrary 
point at which the dishing amounted to about i'', measured on the 
testing ring. 







Dimensions. 










Num- 
ber of 
wheel. 








Width 
of an- 
nular 
bear- 
ing. 


Load re- 
quired to 
cause 
dishing 
of ".02. 

Ptmnds. 






Nave 
box. 


Exte- 
rior di- 
ameter. 


Thick- 
ness. 


Ultimate 
strength. 


Remarks. 






Inches. 


Inch, 


InOi, 


Pmindt. 


• 




Outer... 


10.48 


.65 


'\ 


66,000 


99,100 






Inner... 


10.64 


.86 




147,000 






Outer... 


10.00 


.68 


^ 


"'44,' 666' 


67,600 






Inner... 


10.13 


.61 




74,100 






Outer. . . 


9.28 


.28 




"io.'eoo" 


83,000 






Inner... 


9.28 


.84 




28,000 


76,100 


Decided yielding at 28,000 
pounds. 




Outer... 


9.28 


.28 




18,600 


81,000. 






Inner... 


9.28 


.34 




28,000 


83,000 






Outer... 


9.:» 


.28 


18,100 


27,500 






Inner. . . 


9.28 


.34 




24,000 


80.500 






Outer... 


9.28 


.28 


21,000 


82,800 


At 80,000 pounds fractures de- 
















veloped at the square comers 
of 6 of the bolt boles in the 






























flange. Loads were continued 
















after passing the maximum 
resistance of 33,000 pounds, 
developing additional lines of 












































fracture, the appearance of 
which was granular. 


6 


Inner... 


9.28 


.34 


1 


27.000 


84.000 




7 


Outer... 


9.28 


.28 


1 


20,200 


32,500 


Outer nave box flange was irer- 
manently distorted prior to 






























test. 


7 


Inner... 


9.28 


.34 


1 

■ 




76,000 


Inner nave box flange was per- 
















manently distorted prior to 
test, having about ".07 dishing 






























at one point on the rim. i 


8 


Outer... 


9.28 


.28 


t 


16,000 


26,000 




8 


Inner. . . 


9.27 


.34 




26,000 


71,000 




9 


Outer... 


9.26 


.28 


1 


13,800 


61,000 




9 


Inner... 


9.26 


.34 


1 


27,300 


03,000 




10 


Outer... 


9.60 


.56 


* 




35,900 


Cast-iron box; fractured under 
36,900 pounds without show- 


















ing observable change in the 
















dishing prior to rupture. 
Cast-iron box; fractured under 


10 


Inner... 


9.51 


.70 


1 




68,100 




63,100 pounds without show- 
















ing observable change in the 


11 
11 


Inner. . . 
Outer. . . 


11.87 
11.87 


f .27 

il 


} 1 
} « 


14.100 
12,800 


66,000 
99,000 


dishing prior to rupture. 

Initial dishing in reverse direc- 
tion/'.26. 

Initial dishing in reverse direc- 
tion, ".22. 


18 


Outer... 


9.28 


.44 


1 


86.800 


105,000 





CORDAGE. 
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OOBDAGE. 
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UHEV SHOT UHBS FOR THE mnTBD STATES LXFE-SAVnTO 

SEBVICE. 



No. 9 Shot Lines. 



Three strands of 16 threads each. 
Diameter, ".31. 
Lay, 1 turn in ".83 to ".90. 
Weights include sisal straps. 



No. 


Weight of 
coU. 


End of coll 
tested. 


Tensile 
strengtii. 


Parted. 




Lb9. oz. 




Pwtnd9. 




1 


85 8 


Oatdde... 


1,820 


1 strand at the pin. 


2 


86 8 


do.... 


1,840 


Do. 


8 


84 8 


do.... 


1«410 


Do. 


4 


35 8 


do.... 


1880 


Do. 


5 


86 4 


do.... 


1,820 


8 strands at the pin. 


6 


83 8 


do.... 


1.080 


1 strand at the pin. 


7 


85 4 


do.... 


1,210 


Do. 


8 


85 12 


do.... 


1.850 


Do. 


9 


86 4 


do.... 


1,220 


Do. 


10 


86 8 


do.... 


1,440 


2 stninds at the pin. ^ 


11 


85 


Inside.... 


1,880 


1 strand at the middle. 


12 


88 12 


Outside... 


1,120 


1 strand at the pin. 


18 


86 4 


do.... 


1,250 


2 strands at the pin. 


U 


85 8 


do.... 


1,810 


1 strand at the pin. 


16 


35 4 


do.... 


1,870 


2 strands at the pin. 
1 strand at the pin. 


16 


85 12 


do.... 


1,440 


17 


84 12 


do.... 


1,280 


Do. 


18 


85 8 


do.... 


1240 


Do. 


19 


85 12 


do.... 


1,880 


Do. 


20 


85 


do.... 


1,820 


Do. 


21 


85 4 


do.... 


1,860 


Do. 


22 


85 8 


Inside.... 


1460 


Do. 


23 


85 4 


do.... 


i;860 


1 strand at the middle. 


24 


85 4 


do.... 


1,810 


1 strand at the pin. 


25 


85 12 


Outside... 


i;440 


8 strands at the pin. 
1 strand at the pin. 


26 


85 12 


do.... 


1,850 


27 


86 


do.... 


1.810 


Do. 


28 


35 8 


do.... 


1,860 


1 strand 3 inches from pin. 


29 


36 


Inside.... 


1,840 


1 strand 6 inches from pin. 


SO 


35 8 


Outside... 


1,820 


1 strand at the pin. 


81 


35 12 


Inside.... 


1.030 


Do. 


82 


36 


Outside... 


1.480 


Do. 


88 


35 12 


do.... 


1,810 


2 strands at the pin. 
1 strand at the pin. 


84 


35 12 


Inside.... 


i;280 


85 


34 12 


Outside... 


1,810 


Do. 


36 


35 


do.... 


1,840 


Do. 


87 


35 


do.... 


1890 


Do. 


88 


35 8 


do.... 


1,880 


Do. 


89 


86 


do.... 


1,880 


Do. 


40 


85 8 


Inside.... 


1,870 


1 strand 24 inches from pin. 


41 


35 12 


Outside... 


1,330 


1 strand at the pin. 


42 


86 


do.... 


1,280 


Do. 


48 


35 8 


do.... 


1,510 


Do. 


44 


85 12 


do.... 


1,220 


Do. 


45 


85 12 


do.... 


1,820 


2 strands at the pin. 
1 strand at the pin. 


46 


85 12 do.... 


1,360 


47 


85 8 do.... 


1,240 


Do. 


48 


86 4 do.... 


1,890 


Do. 


49 


85 8 ' do.... 


1,260 


Do. 


50 


35 12 do.... 


1,410 


Do. 



ADDITIONAL TESTS. 



6a 


Outside... 
do.... 


1,280 
1,240 
1,520 


8 strands at the middle. , 
1 strand at the middle. 
1 strand 18 inches from pin. 


81a 1 


aSlb ! 


do...- 


1 



H. Doc. 22, 59-1- 16 



aWetaample. 
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OOBDAGE. 

No. 7 Shot Lines. 



Three strands of 9 threads each. 

Diameter, ".23. 

Lay, 1 turn in ".50 to ".85. 

The extreme case of hard twist observed occurred in coil No. 



73. 



No. 


Weight of 
coil. 


End of coU 
tested. 


TensUe 
strength. 


Parted. 




n)8.oz. 




Pound; 




61 


21 


OotBide... 


440 


1 strand 5" from pin. 


82 


21 


do.... 


710 


3 strands at the middlo 


63 


20 8 


do.... 


820 


8 strands at the pin. 


64 


20 12 


do.... 


760 


Do. 


65 


21 


do.... 


820 


2 strands at the pin. 


66 


21 


do.... 


740 


1 strand 20" from pin. 


67 


21 


do.... 


710 


1 strand 18" from pin. 
1 strand 4" from pin. 
8 strands at the pin. 


68 


20 12 


do.... 


640 


69 


20 12 


do.... 


780 


60 


21 4 


Inalde.... 


960 


1 strand at the middle. 


61 


21 


Outside... 


770 


8 strands at the pin. 


62 


20 12 


do.... 


760 


2 strands at the pin. 


63 


21 


do.... 


880 


1 strand 16" from pin. 


64 


21 


do.... 


760 


2 strands 9" from pin. 


66 


21 


do.... 


680 


2 strands 8" from pin. 


66 


20 12 


do.... 


710 


I strand at the pin. 


67 


20 12 


Inside.... 


870 


Do. 


68 


21 


Outside... 


870 


2 strands at the pin. 


69 


21 


do.... 


610 


1 strand at the middle. 


70 


21 


Inside.... 


910 


2 strands 3" from pin. 


71 


21 


Outside... 


660 


8 strands at the pin. 


72 


21 


Inside.... 


810 


2 strands 8" from pin. 


78 


21 


Outside... 


640 


2 strands 2" from pin. 
8 strands at the pin. 


74 


20 12 


do.... 


720 


76 


20 12 


do.... 


770 


Do. 


76 


20 8 


do.... 


720 


1 strand 26" from pin. 


77 


21 


do.... 


680 


2 strands 6" from pin. 


78 


20 12 


. ...do.... 


670 


1 strand 21" from pin. 


79 


20 12 


do.... 


680 


1 strand at the pin. 


80 


21 


do.... 


770 


Do. 


81 


20 12 


Inside.... 


850 


8 strands at the pin. 


82 


21 


Outside... 


610 


1 strand 19" from pin. 
1 strand 3" from pin. 


83 


21 


Inside.... 


690 


84 


20 12 


Outside... 


470 


2 strands 3" from pin. 


86 


21 


do.... 


740 


2 strands at the pin. 


86 


20 12 


do.... 


780 


Do. 


87 


20 12 


Inside.... 


860 


1 strand 2" from pin. 
8 strands at the pin. 


88 


20 12 


Outside... 


820 


89 


20 8 


Inside.... 


770 


1 strand 24" from pin. 
1 strand 9" from pin. 
1 strand at the pm. 


90 


20 8 


Outside... 


810 


91 


20 8 


do.... 


710 


92 


20 8 


do.... 


880 


1 strand 12" from pin. 


93 


20 8 


do.... 


690 


8 strands 16" from pin. 


94 


21 


do.... 


760 


8 strands at the pin. 


95 


20 12 


do.... 


760 


2 strands at the pin. 


96 


20 12 


do.... 


740 


1 strand 14" from pin. 


97 


21 


do.... 


630 


8 strands at the pin. 


98 


20 12 


do.... 


790 


Do. 


99 


20 12 


do.... 


870 


1 strand at the pin. 


100 


20 12 


do.... 


760 


2 strands at the pin. 



ADDITIONAL TESTS, 



61a 
66a 
78a 
84a 
84b 
a61a 
84c 
84d 




Outside... 
do.... 


720 
680 
820 
580 
420 
740 
780 
720 


8 strands 21" from pin. 
1 strand 21" from pin. 
1 strand 26" from pin. 

1 strand at the pin. 

2 strands at the middle. 
1 strand at the pin. 

8 strands 26" from pin. 
2strand8atthepln. 






do.... 




do.... 




do.... 




do.... 




do.... 




Inside.... 





aHard twisted 1 torn in ''.68. 



OOSDAOB. 

No. 4 Shot Lines. 
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Three strands of 4 threads each. 
Diameter, ".15. 
Lay, 1 turn in ".60. 



Nnm* 


Weight 


Bndofooil 


TensUe 


Parted. 


ber. 


of coil. 


tested. 


strongth. 




Lbs. OS. 




PiMindi. 






101 


10 4 


OntBlde... 


880 


8 strands at the middle. 




102 


10 6 


do.... 


820 


2 strands 24" from pin. 
2 strands 6" from pin. 




108 


10 4 


do.... 


840 




104 


10 8 


do.... 


880 


8 strands 14" from pin. 
8 strands 6" from pin. 




105 


10 8 


do.... 


860 




106 


10 7 


do.... 


840 


1 strand 12" from pin. 




107 


10 5 


do.... 


862 


8 strands 22" from pin. 
8 strands at the middle. 




108 


10 6 


do.... 


845 




109 


10 6 


Inside.... 


420 


8 strands 4" from pin. 




110 


10 6 


OntBlde... 


870 


8 strands at the pin. 




111 


10 6 


do.... 


280 


8 strands 25" from pin. 




112 


10 8 


do.... 


820 




118 


10 5 


do.... 


880 


1 strand 14" from pin. 
8 strands at the pin. 




114 


10 4 


do.... 


894 




115 


10 8 


do.... 


865 


1 strand at the middle. 




US 


10 5 


do.... 


844 


8 strands 12" from pin. 




117 


10 6 


do.... 


840 


8 strands at the pin. 




118 


10 5 


do.... 


250 


Do. 




U9 


10 5 


do.... 


410 


8 strands at the middle. 




120 


10 4 


do.... 


872 


2 strands 6" from pin. 




121 


10 6 


Inside.... 


895 


8 strands 4* from pin. 




122 


10 4 


Outside... 


865 


8 strands 20* from pin. 




128 


10 6 


do.... 


270 


2 strands 15* from pin. 
8 strands at the middle. 




124 


10 6 


do.... 


810 




126 


10 8 


do.... 


415 


2 strands at the middle. 




126 


10 4 


do.... 


860 


8 strands at the pin. 




127 


10 8 


do.... 


866 


2 strands 8* from pin. 
8 strands at the pin. 




128 


10 6 


do.... 


880 




129 


10 5 


do.... 


880 


8 strands 20* from pin. 


• 


180 


10 6 


do.... 


290 


8 strands 21* from pin. 




181 


10 6 


do.... 


860 


8 strands 26* from pin. 




182 


10 6 


Inside.... 


860 


8 Btiandfl at the pin. 




188 


10 6 


Ontside... 


820 


8 strands 15* from pin. 




184 


10 8 


do.... 


280 


2 strands 24* from pin. 
1 strand 15* from irfn. 




185 


10 7 


do.... 


260 




186 


10 9 


Inside.... 


890 


8 strands 24* from pin. 
8 strands 8* from pin. 




187 


10 5 


Ontside... 


860 




188 


10 7 


Inside.... 


860 


Do. 




189 


10 7 


Outside... 


840 


2strand8 8*firompin. 




140 


10 5 


do.... 


260 


8 strands at the middle. 




141 


10 4 


do.... 


820 


Do. 




142 


10 5 


do.... 


240 


Do. 




148 


10 5 


do.... 


880 


Do. 




144 


10 5 


do.... 


800 


8 stiands 12* from pin. 
2 strands 0* from pin. 




145 


10 6 


Inside.... 


895 




146 


10 8 


do.... 


840 


2 strands 7* from pin. 
8 strands at the pin. 




147 


10 6 


Ontside... 


280 




148 


10 5 


Inside.... 


410 


1 strand 14* from pin. 




149 


10 6 


OntBlde... 


860 


2 strands 24* from pin. 




150 


10 6 


do.... 


880 


8 strands at the pin. 





ADDITIONAL TESTS. 



140a 
186a 
147a 
lUa 
U8a 
128a 
142a 
184a 
180a 






280 
270 
880 
810 
820 
810 
290 
280 
860 


1 strand 22* from pin. 

2 strands 22* from pin. 
2 strands at the middle. 
8 strands 19* from pin. 
8 strands 24* from pin. 

1 strand 12* from pin. 
8 strands 6* from pin. 
8 strands 18^ from pin. 
8 strsnds 20* from pin. 







































Remarks. — Coil No. 84 was discolored, having a darker color on one 
side over a length of 7" and penetrating to the third, and in places to 
the fourth layer. 



228 OOBDAGE. 

TESTS OF nWIVJDUAL YARNS, 

No. 9 Line. 

Coil 48. 

Length between hooks, 6". 



Yarns Xrom the— 


First 
strand. 


Second 
strand. 


Third 
strand. 


Pounds. 
80.5 
26 
81 

28.5 
29 
80 
29 
81.5 
26 
86 
82 
82.5 
81 
82 
88 
80 


Pounds. 
82.6 
27 
82 
26 
81 

82.6 
26 
80 
88.5 
80.6 
27.5 
85.5 
82.6 
24 
84 
80.6 


Pounds. 
29.5 
30 
28.6 
29 
85.5 
81 
29 
27.5 
28.6 
28 
20.5 
25 
82.6 
28 
21.6 
82.6 


488 


488 


466.6 



Total, 1,427.6 pounds. 



No. 7 Line. 



Coil 72. 

Length between hooks, 6". 



Yams from the— 


First 
strand. 


Second 
strand. 


Third 
strand. 


Pounds. 
23 
27 
28 
22 
26 
22 
26.6 
22 
26.6 


Pounds. 
22.5 
26 
29.6 
28.6 
26 
26.5 
24 
28 
27 


Pounds. 
22 
29 
81.6 
85 
38 
22.6 
29 
25.5 
80 


228 


281 


257.6 



Total, 711.6 pounds. 



Coil 125. 

Length between hooki^ 6". 



CORDAGE. 



No. 4 Lines. 
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Yams from the— 


Flret 
strand. 


Second 
strand. 


Third 
strand. 


Pounds, 
27.6 
30 
27 
29.6 


Pounds, 
29.6 
36 
34.5 
27.5 


Pounds. 
26.6 
29.6 
22 
26 


114 


127.5 


104 



Total, 346.6 pounds. 

Coil 125. 

Length between hooks, 12". 



Total, 316.5 pounds. 



Yams from the— 


First 
strand. 


Second 
strand. 


Third 
strand. 


Pounds. 
24 
23 
24 
33.5 


Pounds. 
24 
25.5 
S3 
34 


Pounds. 
24.6 
27 
20 
24 


104.5 


116.5 


95.5 
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CORDAGE. 

No. 4 Lines— Continued. 



Coil 140. 

Length between hooks, 24". 





PilBt 

Strand. 


Second 
Btiand. 


Third 
strand. 


Poundi, 
17.6 
26 
20.6 
21.6 


Pounds. 
18 
19.5 
24.5 
22.5 


Pounds. 
20 
26.5 
28 
19 


84.5 


84.6 


87.6 



Total, 256.5 pounds. 

TESTS OF INDIVIDUAL STRANDS. 

V No. 4 Line. 

Coil 125. 

Length between hooks, 6". 



First 
strand. 


Second 
strand. 


Third 
strand. 


Pounds. 
110 


Pounds. 
108 


Pounds. 
112 



Total, 330 pounds. 



CORDAGE. 
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TENSILE TESTS OF CORDAGE FOR THE UNITED STATES LIOHT-HOUSE 
ESTABLISHMENT, THIRD DISTRICT, TOMPKINS VILLE, N Y. 



Tabbed Hemp Bope. 

Samples prepared for testing with ends seized together, 
over smooth, round pins, with leather cushions. 
8-inch, 4-strand rope. 



Tested 



Num- 
ber of 
Munple. 


Tensile 
strength. 


Parted. 


1 
2 
8 


Pounds. 
2,400 
8,600 
8,200 


Polled ends tbrongh seizing. 
Do. 
Do. 



Manila Rope. 
Samples prepared for testing with eye splices at the ends. 



Description. 


Tensile 
strength. 


Parted. 


9-thnMid manils 


Pounds. 

1,820 

1,180 

2,290 

2,280 

18,500 

19,400 

21,900 

24,100 


1 strand at the splice. 

Do. 
1 strand 16" from the spUce. 

1 strand 9" from the splice. 

2 strands at the splice. 
1 strand at the splice. 

Do. 
Do. 


Do 


18-thread manlla 


Do 


&-lnch, 4-strand 


Do 


6-inch, 4-stiand 


Do 
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OOBDAGE. 

Manila Bofe. 



Samples provided' with eye splices at the ends. 

6-incb. 4-strand rope. 

LengtD between splices, 6 feet. 



Nmn- 

berof 

sample. 


Teoflile 
strenffth. 


Parted. 


1 
2 


PmtfuU, 
21.400 
22,800 


1 strand at the splice. 

2 strands at the splice. 



Manila Rope. 

Samples provided with eye splices at the ends. 

6-inch. 4-strand rope. 

Len^ between splices, 6 feet. 

Splices wet before testing. 



Nom- 
berof 
■ample. 


Tensile 
strength. 


Parted. 


1 
2 


Paundt. 
25,100 
22,600 


2 strands at the splice. 
Do. 



Manila and Hemp Rope. 

Samples prepared for testing with eye splices at the ends. 
Length between splices, from 4 to 6 feet. 



Description. 


Number 

of 
strands. 


TensUe 
strength. 


Parted. 


12-thread manlla 




Pounds. 
1,820 
1,290 
1.400 
1,480 
1,670 
1,690 
2,180 
1,700 
8.890 
4,200 
4,900 
4,980 
6,100 
6,480 
9,400 
9,820 
11,800 
11,900 
13.180 


1 Btzand at the splice. 

2 strands at the splice. 

1 strand at the splice. 

Do. 

2 strands at the splice. 

1 strand at the splice. 

2 strands at the splice. 

1 strand at the splice. 

Do. 

2 strands at the splice. 

Do. 
Do. 

1 strand at the splice. 

2 strands at the splice. 

Do. 

1 strand at the splice. 

Do. 
Do. 
Do. 

2 strands at the splice. 

1 strand at the splice. 

Do. 
Do. 
Do. • 

2 strands at the splice. 

Do. 
1 strand at the splice. 

3 strands at the splice. 


Do 


IS'thread manlla 


Do 


18- thread manila 


Do 


It-inch manila 


Do 


2-lnch manila 


Do 


2Hnch manila 


Do 


8-lnch manila 


Do 


Scinch manlla 


Do 


4-tnch manlla 


Do 


4^inch manila 


Do 


4 1 12.' 000 


Mnch manila 




18,700 
18,220 
16.700 
17,980 
21,000 
22.600 


Do 


<H-inch manlla . . . . . . 


Do 


6-inch manlla 


Do 


8-inch hemp 


4 1 diSOO 
4 i ft. 400 


Do 









Manila and Hemp Rope. 

Samples prepared for testing with eye splices at the ends. 
Length between splices, from 3' to 5'. 



2dd 



Description. 


Number 
of 


TensUe 
strength. 


Parted. 


l<>-thnMi4l mAmilA . . ^ 




PtmndB. 
2,000 
1,980 
2,200 
2,400 
2,580 

9,200 
9,400 
16,400 
15,400 
20.100 
19.800 
20.900 
28.700 
24,700 
24,800 
29,500 
81,600 
80.200 
82.000 
5,400 
7^800 
8,800 


1 strand 15" from the spUoe. 
1 strand at the splice. 
1 strand 16'' from the splice. 
1 strand 6" from the splice. 

1 strand at the spUce. 

Do. 
Do. 

2 strands at the splice. 

1 strand 8" from the.splice. 

1 strand at the splice. 

2 strands in the eye. 

1 strand 8'' from the splice. 

1 strand in the eye. 

1 strand 8" from the splice. 

1 strand at the splice. 

Do. 
Do. 

2 strands at the splice. 

1 strand at the splice. 

2 strands at the splice. 
1 strand at the splice. 

Do. 
Do. 


Do 


18-thre«d manila 


Do 


21-thre«d manila 


Do 


8-tnch mAnllA - . . . 


Do 


4-Inch mAniln 


Do 


4|.inrh innnllft 


Do 


^in<f h nuinilR 


Do 


^4-lTich xnftnilA 


Do.' 


6-inch inii-iiilii 


Do 


7-iiich manllA 


Do 


2i-'liich hemp 


8-inch hemp i 


8|-inch hemp 





Manila and Hemp Rope. 

Samples prepai*ed for testing with eye splices at the ends. 
Length between splices, about 4' 3". 



Description. 


Number 

of 
strands. 


Tensile 
strength. 


Parted. 


8|-inch hemp 


4 
4 
4 


PoutuU. 

9,420 

25,400 

82,200 


8 strands at the splice. 

1 strand at the splice. 

2 strands at the splice. 


7-lnch mani^ 


7-inch manlla 



Manila and Heup Bope. 

Samples prepared for testing with eye splices at the ends. 
Samples from 4 to 6 feet long between eye splices. 



Description. 


Circum- 
ference. 


Number 

of 
strands. 


TensUe 
strength. 


Parted. 


Hemn 


Inch. 
4.0 
4.126 

7.8 
7.8 
7.875 
7.875 




Pounds. 
9,520 
9,200 
41.200 
46.100 
89,100 
85,700 


1 strand at middle of length. 

2 strands at the splice. 

Do. 
2 strands 14" from splice. 
1 strand at the splice. 

Do. 


rfe.::::::::::.!::.::.:: 


Manila 


Do 


Do 


Do 
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OOBDAaS. 



TENSILE TESTS OF CORDAGE FOR TEE ORDNANCE DEPARTMENT, U.S. 

ARMY, 

Tensile Tests of Braided Cotton Sash C!ord fob use on Float- 
ing Targets. 



Marks. 


Diam- 
eter. 


TenaUe 
strensrth. 


Parted. 


1 

2 

6 

7 

8 


.88 
.88 
.20 
.22 
.26 
.24 


Founds. 
750 
745 
246 
261 
896 
2S2 


At the hitch. 

Do. 

Do. 
22 » from hitch. 



RAILROAD MATERIAL. 
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BAILBOAD MATBBIAL. 
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RAILBOAD KATEBIAL FTJBNISHED BY ME. P. H. DUDLEY. 

Specimens marked 82 and 83 represent the metal in two splice bars, 
20 inches lonff each, 4 bolt holes, from the Boston and Albany Rail- 
road, and maoe by the Lackawanna Iron and Steel Company. 

No. 84 represents a nickel-steel splice bar, 36" long, 6 Dolt holes, for 
5i" 80-pound rail, of the New York Central and Hudson River Rail- 
road, Cfarnegie steel, 1903. 

No. 86 came from a 36" splice bar, 6 holes, from the New York Cen- 
tral and Hudson River Railroad, and made by the Pennsylvania Steel 
Company, 1903. 

No. 65 is a specimen taken from the head of a new 85-pound section 
of a nickel-steel rail made by the Carnegie Steel Company, 1903. 
Heat No. 11112. 

No. 67 is a specimen taken from the head of a new 5i" 80-pound 
rail, nickel steel, made by the Carnegie Steel Company, 1903. Heat 
16155. It represents some rails laid on the West Albany Hill, New 
York Central and Hudson River Railroad. 

No. 8126. 
Splice bar. 
Marks, 82. 
Diameter, ".564. 
Sectional area, .25 square inch. 
Gauged length, 3". 



Applied 

loads per 

square 

Inch. 


In gauged length. 


Remarks. 


Elonga- 
tion. 


Set. 


Pounds. 
1,000 
5.000 
10,000 
80,000 
85.000 
40,000 
41.000 
87,000 
88,000 
89.000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
63,000 
54»000 
66,000 
68,000 
68,480 



Inch, 

0. 

.0008 
.0009 
.0029 
.0084 
.0039 


Inch. 

0. 

0. 


Initial load. 

Elastic limit LoadfeU. 

Tensile strength. 
« 85 per cent. 


0. 


0. 


.0082 

.0185 

.0440 

.0606 

.0685 

.1080 

.11 

.14 

.17 

.21 

.26 

.84 

.68 






























1.05 







Elongation of inch sections, ".24, ".56*, ".25. 
Diameter at fracture, ".35; area, .0962 square inch. 
Contraction of area, 61.5 pier cent. 
Appearance of fracture, mie silky. 



238 



RAILROAD MATERIAL. 



No. 8127. 

Splice ban 

Marks, 83. 

Diameter, ".564. 

SectioDal area, .25 square inch. 

Gauged length, 3". 



Applied 

loads per 

square 

Inch. 


In gauged length. 


Remarks. 


Elonga- 
tion. 


Set. 


Pound*. 
1,000 
5,000 
10.000 
80,000 
85,000 
88,400 
86,000 
87.000 
88,000 
89.000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
62.000 
54,000 
66,000 
58,000 
60,000 
60,800 



Inch. 

0. 

.0008 
.0009 

.0029 
.0084 


Inch, 

0. 

0. 


Initial load. 

Elastic limit Load fell. 

Tensile strength. 
« 88 per cent. 








.0100 

.0125 

.0402 

.0515 

.0660 

.0740 

.0097 

.1075 

.12 

.16 

.18 

.22 

.27 

.88 

.45 


































.99 







Elongation of inch sections, ".45*, ".31, ".23. 
Diameter at fracture, ".35; area, .0962 square inch. 
C!ontraction of area, 61.5 per cent. 
Appearance of f i*acture, fine silky. 



BAILBOAD MATBSIAL. 

No. 8128. 
Splice bar, nickel steel. 
Marks, 84. 
Diameter, ".564. 
Sectional area, .25 square inch. 
Gauged length, 3". 
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loacbper 
flquar» 
inch. 


In gauged length. 


Bemarks. 


Blonga- 


Set, 


Found*. 
1,000 
5,000 
10,000 
80,000 
40,000 
50,000 
58,000 
54,000 
60,000 
51,000 
62,000 
58,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
72,400 



Inch. 

0. 

.0008 
.0009 
.0029 
.0069 
.0060 
.0054 
.0057 
.0128 
.0160 
.0585 
.0644 
.0714 
.0640 
.1085 
.12 
.14 
.17 
.20 
.25 
.85 
.49 


JficA. 

0. 

0. 


Initial load. 

ElasUclimit. 
Load fell. 

Tensile strength. 
« 80 per cent. 




0. 
0. 


































.90 







Elongation of inch sections, ".21, ".50*, ".19. 
Diameter at fracture, ".36; area, .1018 square inch. 
C!ontraction of area, 59.3 tier cent. 
Appearance of fracture, fine silky. 
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BAILBOAB MATERIAL. 
No. 8129. 



Splice bar. 

Marks, 86. 

Diameter, ".564. 

Sectional area, .25 square inch. 

Grauged length, 3". 



Applied 

loaas per 

square 

inch. 


In gauged length. 


RemarkB. 


Elonga- 
tion. 


Set. 


Pounds. 
1,000 
5,000 
10,000 
80,000 
40,000 
46,000 
46,000 
47,000 
48,000 
44,000 
46.000 
46,000 
48,000 
50,000 
52,000 
64.000 
56,000 
58,000 
60,000 
62,000 
HOOO 
66,000 
68,000 
68,400 



Inch. 

0. 

.0008 
.0009 
.0029 
.0040 
.0045 
.0047 
.0080 
.0094 
.0134 
.0485 
.0540 
.0657 
.0803 
.0962 
.11 
.18 
.16 
.19 
.28 
.28 
.85 
.49 


Tneh. 

0. 

0. 


InlUal load. 

Elastic limit 
I/)ad fell. 

Tensile strength. 
=30 per cent. 




0. 






































.90 







Elongation of inch sections, ".30, ".41*, ".19. 
Diameter at fracture, ".37; area, .1075 square inch. 
Contraction of area, 57 per cent. 
Appearance of fracture, fine silky. 



BAILBOAD MATBBIAL. 

No. 8130. 
Nickel-steel rail. 
Marks, 65. 
Diameter, ".564. 
Sectional area, .25 square inch. 
Grauged length, 3". 
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Applied 

loaasper 

square 

inch. 


In gauged length. 


Remarks. 


Elonga- 
tion. 


Set. 


1,000 
6,000 
10,000 
30,000 
40,000 
46,000 
46,000 
47,000 
48,000 
49.000 
50.000 
51.000 
62,000 
63.000 
64,000 
56,000 
56,000 
67,000 
58,000 
69,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
90,000 
100,000 
110,000 
120,000 
120,400 



Inch. 

0. 

.0004 
.0009 
.0029 
.0040 
.0047 
.0061 
.0054 
.0056 
.0058 
.0060 
.0062 
.0064 
.0066 
.0060 
.0071 
.0074 
.0078 
.0082 
.0086 
.0090 
.0100 
.0111 
.0181 
.0157 
.0177 
.0213 
.0240 
.0274 
.0314 
.0854 
.06 
.09 
.14 
.83 


Inch, 

0. 

0. 


Initial load. 

Tensile strength. 
=15.8 per cent. 




.0002 
.0004 








.6668 








.0015 








.0028 








.0099 








.0259 










.46 







Elongation of inch sections, ".16*, ".21*, ".10. 
Diameter at fracture, ".49; area, .1886 square inch. 
Contraction of area, 24.6 per cent. 
Appearance of fracture, fine granular. 



H. Doc. 22, 59-1- 



-16 
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BAILBOAD MATEBIAL. 



No. 8131. 
Nickel-steel rail. 
Marks, 67. 
Diameter, ".664. 
Sectional area, .25 square inch. 
Gauged length, 3^. 



Applied 

loaOBper 

square 

Inch. 


In gauged length. 


RemarkB. 


Elonga- 
tion. 


Set. 


Pounds. 
1.000 
6,000 
10,000 
30,000 
40,000 
46,000 
60,000 
66,000 
60,000 
66.000 
70,000 
76,000 
80,000 
90,000 
100,000 
110.000 
120.000 
124,000 



Inch. 

0. 

.0004 
.0010 
.0060 
.0041 
.0049 
.0061 
.0074 
.0096 
.0122 
.0162 
.0213 
.0299 
.04 
.06 
.12 
.20 


Inch. 

0. 

0. 


Initial load. 

Tensile strength. 
■=> 14 per cent. 




.0001 
.0004 
.0009 
.0016 
.0081 


.0083 


.0206 










.42 







.20*, ".12. 



Elongation of inch sections, ".10, 

Diameter at fracture, ".49; area, .1886 square inch. 

Contraction of area, 24.6 per cent. 

Appearance of fracture, fine granular. 



ENDURANCE OF ROTATING SHAFTS. 
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NO. 375. 

ECCENTRiC FRACTURE OF ENDU'^^ANCE SHAFT, AT FiNE LINE ON 

SURFACE, 2.'l FROM EDGE OF MIDDLE BEARING. 



ENDURANCE OF BOTATING SHAFTS. 
No. 376. 

Marks, .17C. 

Grautier steel bar; 0.17 per cent carbon. Hot-rolled bar. 

Diameter, 1". Speed or rotation, 500 per minute. 

Length between end supports, 83". 

Loaded over 4" length at middle. 

Deflections measure on chord of 10". 
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Maz- 

imom 
fiber 

Btren 
per 

■quare 

inch. 


Number of rotations. 


Micrometer readings for 
deflectlona. 


De- 
flec- 
tions. 


Sets. 


Bemarks. 


Saoceaiiye. 


Total. 


On 

line. 


Un- 
load, 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Powuh 
80.000 

80.000 
80.000 
86.000 
86.000 
85.000 
86.000 
85.000 
86.000 
86.000 




66.600,780 
84.761,000 




Indi, 


Inch, 


Inch. 


Inch. 


Indi, 


Reported in 1901 

Bar raptured. Ec- 
centric fiaotore, 
occurring 2^J7 be- 
rond the edge of 
the south middle 
bearing, at a fine 
line scratched on 
the surface of the 
bar which was 
used for locating 
the posiUon of the 
mlctometei beam. 


19,100,220 




.1666 
.1668 

.1560 
.1668 

.1562 
.1668 

.1549 
.1670 

.1654 
.1670 

.1546 
.1574 

.1641 
.1670 

.1588 
.1580 


.1808 
.1805 

.1805 
.1810 

.1268 
.1260 

.1268 
.1268 

.1262 
.1265 

.1264 
.1264 

.1282 
.1268 

.1260 
.1278 


.1547 
.1661 

.1654 
.1557 

.1664 
.1664 

.1546 
.1664 

.1548 
.1562 

.1548 
.1562 

.1688 
.1547 

.1587 
.1568 


.0244 
.0246 

.0249 
.0247 

.0296 
.0294 

.0288 
.0286 

.0286 
.0287 

.0289 
.0288 

.0287 
.0289 

.0287 
.0285 


.0008 

.0067 

.0006 
.0006 

.0006 
.0009 

.0006 

.0016 

.0006 

.0018 

.0002 
.0022 

.0002 
.0028 

.0001 
.0022 


15,289,000 


100,000.000 





100.000,000 


100 


100.000.100 


1.000 


100.001.100 


10,000 


100,011.100 


100.000 


100,111,100 


8,442,860 


106,668,960 


2. 916. 610 


106,470,460 
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ENDURANCE OF BOTATING SHAFTS. 
No. 383. 



Marks, .55C. 

Gautier steel bar, 0.55 per cent carbon. Hot- rolled bar. 

Diameter, 1". Speed of rotation, 500 per minute. 

Length between end supports, 33". 

Loaded over 4" length at middle. 

Deflections measured on chord of 10". 



Max- 
Imum 
fiber 

per 
square 
Inch. 


Number o( rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


8uc4;eaiftlre, 


1 

I'Otftl. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


'307600' 
30,000 

60,000 

60,000 

30,000 

80,000 

60,000 

60,000 
30,000 




60,846,970 
75,006,000 




Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Reported In 1904. 

Shaft wabbles under 
reduced load, after 
having been loaded 
with 60,000 pounds 
per square Inch. 


14,169,030 


a 

b 

I 

& 
b 

b 

a 
b 

a 


.1543 
.1546 


.i295 

.1^298 


.1542 
.1642 

.1526 
.1623 

.1394 
.1411 

.1585 
. 1475 

.1548 
.1627 

.1440 
.14^ 


.0247 
.0244 

.0486 
.0489 

.0614 
.0529 

.0261 
.0250 

.0248 
.0249 

.0513 
.0519 


.0001 
.0003 

.0070 
.0039 

.0119 
.0169 

.0028 
.0029 

.0011 
.0013 

.0120 
.0203 





75,006,000 


.1695 ' .1039 
. 1562 - IttM 


100 


75,006,100 


.1513 
.1580 

.1613 
.1601 

.1669 
.1540 

.1566 
.1637 


.0680 
.0882 

.13&i 
.1225 

.1800 
.1278 

.0927 
.0915 





75,006,100 


220,490 76,226,690 


1 75,226,590 


1,000 



75,227,590 
76,227,690 


a 
b 


.1301 
.1897 


.1037 1 .1283 
.1647 j .1896 


.0246 
.0248 


.0018 
.0002 


30,000 

60.000 
60,000 
30,000 
30,000 
60,000 
60,000 
80,000 
30.000 
60,000 
6(^000 
30.000 
30,000 


158,740 



1,000 



148,080 



1,000 



161,500 



1,000 



169,220 


76,886,330 

75.386,330 
75,387,330 
75,387,330 
75,535,360 
75.535,360 
75,636,360 
75,536,360 
75,697,860 
75,697,860 
75,698,860 
75,698,860 
75,868,080 






1 










1 








' 1 


1 




; 1 


t 




1 1 






! i 1 




1 1 1 






' 1 






:::::i::::::::::::: r::::: 









1 






, 









a 

b 

a 
b 

a 
b 


.1375 
.1728 

.1370 
.1822 

.1310 
.1822 


.1112 1 .1860 
.1463 -1711 


.0218 
.0248 

.0505 
.0515 

.0504 
.0518 


.0015 
.0017 

.0140 
.0187 

.0056 
.0274 


\ 60,000 





76,868,080 


.0725 
.1120 

.0761 
.1030 


.1230 
.1635 

.1265 
.1548 


' 60,000 


1,000 


76,869,080 


! 30.000 





76. 869. n«n 


1 30,000 


177, 290 76. 046. 370 








. .. 







00,000 




1,000 



188,700 



1,000 



142,990 


76,046,370 
76,047,370 
76,(M7,370 
76, 186, 070 
76,186,070 
76,187,070 
76,187,070 
76,330,060 








1 




60,000 
30,000 
30,000 
60,000 
60,000 
30,090 
30,000 











































































a 
b 

a 
b 


.1580 
.1555 

.1580 
.1566 


.1287 
.1305 

.1037 
.1050 


.1527 
.1553 

.1618 
.1543 


.0240 
.0248 

.0481 
.0493 


.0003 
.0002 

.0012 
.0023 


60,000 





76,830,060 









BNDUBANOB OF EOTATING SHAFTS, 
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Max- 
imum 
fiber 
stress 
per 
square 
inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


SucoeniTe. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Pounds. 
60,000 


1,000 


76,831,080 


a 
b 

a 
b 


Inch, 
.1636 
.1618 

.1722 
.1464 


Inch. 
.0866 
.0765 

.1887 
.1145 


Inch. 
.1448 
.1833 

.1618 
.1426 


Inch. 
.0698, 
.0678' 

.0281 
.0280 


Inch. 
.0188 
.0286 

.0104 
.0039 


Bar ruptured be- 
tweenl)earing8,l" 
from edge of south 
middle bearing. 


80,000 





76,381,060 


30,000 


8,280 


76,834,840 















No. 385. 
Marks, .82C. 

Grautier steel; 0.82 per cent carbon. Hot- rolled bar. 
Diameter, 1". Speed of rotation, 500 per minute. 
Len^h between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measur^ on cord of 10". 



Max- 
imum 

fiber 
stress 

per 
square 
inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


Succeesivc. 


Total. 


On 
line. 


Un- 
load- 
ed. 


^-'•g- 


Founds. 
35.000 

36,000 




61,200.160 
62,076,660 




Inch. 


Inch. Inch. 


Inch. 


Jim:*. 


Reported in 1904: 


876,610 


a 


.1664 
.1665 


. 1278 i . 1563 
.1277 1 .1266 


.0276 ' .0001 
.0278 0. 











After the shaft had made 62,076,660 rotations with a load of 35,000 
pounds per s(^uare inch it was subjected to stresses of 55,000 and 
35,000 pounds in alternate periods. A few rotations, comparatively, 
were made each, day under the higher stress, the balance of the day's 
run being under 35,000 pounds. 

Under the higher fiber stress 100 rotations were made each day for 
120 days, followed by 1,000 rotations per day for 38 days and 10,000 
rotations per day for 9 days. On the last day 830 rotations were made, 
when the nature of the bar occurred. The total number of rotations 
under 55,000 pounds was 140,830. 

Between each of these periods the shaft made from 188,000 to 192,000 
rotations under 35,000 pounds per square inch. 

A number of groups of micrometer readings are given below, suf- 
ficient to illustrate tne behavior of the shaft during the progress of 
the test. 



248 



ENDUBANCE OF ROTATING SHAFTS. 



Max- 
imum 

fiber 

strew 

per 

square 

inch. 



Pounds. 
55,000 

55,000 

86.000 

85,000 

85,000 

55,000 

55,000 

85,000 

85,000 

35,000 

65,000 

65,000 

85,000 

85,000 

66,000 

55,000 

35,000 

85,000 

55,000 

56,000 

86,000 

85,000 
66,000 
66,000 



Number of rotations. 



Successive. 



Total. 



62,076,660 



62,076,760 



62,076,760 



62,264,740 



70,194,140 



70,194,140 



70,194,240 



70,194,240 



70,896,980 



80,097,670 



80,097,670 



80,097,770 



80,097,770 



90,861,030 



90,861.080 



90,892,080 
90,892,080 



93,573,120 



I 



98,578,120 



98,663,120 



98,583,120 



93,738,900 



93.788,900 
93.739,780 



Micrometer readings for 
deflections. 



On 
line. 



Un- 
load- 
ed. 



Inch. 
.1654 
.1557 

.1565 
.1562 

.1568 
.1655 

.1655 
.1555 

.1561 
.1668 

.1561 
.1578 

.1576 
.1676 

.1579 
.1566 

.1658 
.1558 

.1558 
.1557 

.1559 
.1573 

.1583 
.1678 

.1577 
.1555 

.1553 
.1561 

.1566 
.1578 

.1520 
.1696 

.1583 
.1668 

.1670 
.1667 

.1569 
.1568 

.1595 
.1560 

.1597 
.1545 



.1564 
.1662 



.1575 
.1567 



Load- 
ed. 



Inch. 
.1110 
.1109 

.1100 
.1102 

.1268 
.1268 

.1268 
.1273 

.1263 
.1262 

.1084 
.1084 

.1061 
.1078 

.1262 
.1266 

.1263 
.1262 

.1260 
.1260 

.1079 
.1079 

.1075 
.1070 

.1260 
.1258 

.1266 
.1261 

.1087 
.1088 

.1060 
.1069 

.1264 
.1255 

.1266 
.1256 

.1086 
.1072 

.1097 
.1057 

.1276 
.1240 



.1276 
.1250 



.1099 
.1067 



Un- 
load- 
ed. 



Inch. 
.1652 
.1553 

.1547 
.1547 

.1554 
.1554 

.1554 
.1662 I 

.1560 
.1548 

.1586 
.1532 

.1538 
.1529 

.1562 
.1542 

.1660 
.1547 

.1548 
.1546 



.1632 



.1580 
.1527 



.1560 
.1540 



.1552 
.1548 



.1537 
.1588 



.1515 
.1529 



.1560 
.1546 



.1658 
.1544 



.1540 
.1528 



.1548 
.1513 



.1666 
.1530 



.1547 
.1525 



De- 
flec- 
tions. 



Inch. 
.0442 
.0444 

.0447 
.0445 

.0286 



.0286 
.0279 



.0287 
.0286 



.0452 
.0448 



.0462 
.0466 



.0290 
.0286 



.0287 



.0464 
.0453 



.0465 
.0457 



.0287 



.0460 
.0460 



.0466 
.0460 



.0286 



.0292 



.0454 
.0456 



.0461 
.0456 



.0290 



.1568 .0287 
.1540 .0290 



.0448 
.0458 



Sets. 



Inch. 
.0002 
.0004 

.0018 
.0015 

.0009 
.0001 

.0001 
.0008 

.0001 
.0010 

.0025 
.0041 

.0048 
.0047 

.0027 
.0014 

.0006 
.0011 

.0010 
.0011 



.0041 



.0063 
.0046 



.0027 
.0015 



.0001 
.0013 



.0029 
.0045 



.0005 
.0067 



.0033 
.0018 



.0012 
.0013 



.0029 
.0040 



.0047 
.0047 



.0081 
.0015 



.0001 
.0012 



.0042 



Remarks. 



First application of 
55,000 pounds per 
square inch. 



Rest of 16 days with- 
out load. 



Total for both loads. 

Bar ruptured be- 
tween bearings, 
*.90 from edse of 
north middle 
bearings. 



ENDURANCE OF ROTATING SHAFTS. 

No. 888. 

Marks, .82C. 

Gautier steel; 0.82 per cent carbon. Hot- rolled bar. 

Diameter, 1". Speed of rotation, 600 per minute. 

Length between end supports, 33". 

Loaded over 4" length at middle. 

Deflections measured on chord of 10". 
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Max- 
imum 
fiber 
stress 
per 
square 
Inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


Successlye. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Powndi 
40,000 

40,000 
40,000 




68,140.720 
96,088,890 




Inch, 


Inch. 


Inch. 


Inch. 


Jndi. 


Reported in 1904. 

Bar not ruptured, 
still running. 


86.898,170 


a 
b 


.1661 
.1668 


.1286 
.1286 


.1661 
.1660 


.0826 
.0826 


0. 
.0008 


8,169,600 


108,208,890 















No. 389. 
Marks, .34C. 

Gautier steel; 0.34 per cent carbon. Hot-rolled bar. 
Diameter, 1". Speed of rotation, 500 per minute. 
Length between end supports, 33". 
Loaded over 4" len^h at midale. 
Deflections measured on chord of 10". 



Max- 

imum 
flber 

stress 
per 

square 

inch. 


Number of rotations. 


Micrometer readings 
for deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


Succesdve. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 


Poundt 
60,000 

60,000 

60,000 

60,000 








a 

b 

a 
b 

a 
b 


Inch. 
.1667 
.1668 

.1574 
.1626 

.1934 
.1326 


Inch, 
.1078 
.1076 

.0990 
.0986 

.1260 
.0616 


Inch. 
.1664 
.1664 

.1478 
.1475 

.1737 
.1108 


Inch. 
.0476 
.0479 

.0488 
.0490 

.0487 
.0488 


Inch. 
.0006 
.0004 

.0096 
.0161 

.0197 
.0222 


Bar ruptured, be- 
tween middle 
bearincs, 1" from 
edge ofsouth mid- 
dle bearing. 


100 


100 


900 


1,000 


13,030 


14,680 















The bar run hot. A stream of water was played on it during the 
test, after the first 1,000 rotations. 
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ENDURANCE OF ROTATING SHAFTS. 



No. 390. 
Marks, .34C. 

Gautier steel bar; 0.34 per cent carbon. Hot-rolled bar. 
Diameter, 1". Speed of rotation, 500 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- 
imum 

fiber 
stress 

per 
square 

inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


Successive. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Pounds 
50,000 

50,000 

50,000 

50,000 








a 
b 

a 
b 

a 
b 


Inch. 
.1668 
.1556 

.1560 
.1663 

.1587 
.1600 


Inch. 
.1155 
.1152 

.1140 
.1142 

.1092 
.1098 


Inch. 
.1560 
.1552 

.1542 
.1545 

.1502 
.1508 


Inch. 
.0895 
.0400 

.0402 
.0408 

.0410 
.0410 


Inch. 
.0006 
.0004 

.0018 
.0018 

.0085 
.0092 


Bar ruptured be- 
tween bearings. 
".9 from ed^ of 
north middle 
bearing. 


100 


100 


900 


1,000 


69,860 


70,860 















Bar run hot. A stream of water was played on it during the test 
after the first 1,000 rotations. 

No. 391. 
Marks, .73C. 

Gautier steel bar; 0.73 per cent carbon. Hot-rolled bar. 
Diameter, 1". Speed of rotation, 500 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- 
imum 
fiber 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


1 stress 
1 per 
square 
inch. 


Successive. 


Total. 


On 
line. 


Un- 
load- 
ed. 


T/md- 
ed. 


Un- 
load- 
ed. 


Pound« 
60,000 

60,000 

60,000 

60,000 

1 

1 








a 
b 

a 
b 

a 
b 


Inch. 
.1569 
.1572 

.1577 

.1608 
.1595 


Inch. 
.1087 
.1078 

.1080 
.1070 

.1044 
.1080 


Inch. 
.1567 
.1668 

.1560 
.1560 

.1542 
.1585 


Inch. 
.0480 
.0490 

.0480 
.0490 

.0498 
.0605 


inch. 
.0002 
.0004 

.0016 
.0017 

.0061 
.0060 


Bar raptured, be- 
tween bearings, 1" 
from edge of north 
middle bearing. 


100 


100 


900 


1.000 


54,890 


55,890 






1 


1 



The bar run hot. A stream of water was played on it during the test, 
after the first 1,000 rotations. 



ENDUBANCE OF BOTATTNO SHAFTS. 
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No. 392. 
Marks, .73C- 

Gautier steel bar; 0.73 per cent carbon. Hot- rolled bar. 
Diameter, V. Speed of rotation, 600 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


Succeealve. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Pounds 
50,000 

50,000 

60,000 

60,000 








R 


Inch, Inch. 
. 1553 . 1145 
. 1564 . 1142 


Inch. 
.1552 


Inch. 
.0407 
.0410 

.0406 
.0407 

.0406 
.0410 


Inch. 
.0001 
.0002 

-.0001 
.0001 

.0006 

.0007 


Bar raptored, be- 
tween bearings 
I'M from edge of 
north middle bear- 
ing. 


100 


100 


a 
b 

a 
b 


.1861 ' .1144 1 .1662 
.1658 ' -114i> ! AF^& 


900 


1,000 


.1654 
.1666 


.1148 
.1138 


.1649 
.1648 


288,212 


289,212 















Bar run hot. A stream of water was played on it during the test, 
after the first 1,000 rotations. 

No. 393. 
Marks, 1.09C. 

Gautier steel bar; 1.09 per cent carbon. Hot- rolled bar. 
Diameter, 1". Speed of rotation, 500 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- 
imum 
iiber 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


stress 

per 

square 

iucb. 


Successive. 


Total. 


On 
Une. 


Un- 
load- 
ed. 


T^d- 
ed. 


Un- 
load- 
ed. 


60,000 








a 
b 

a 
b 

a 
b 


Inch. 
.1560 
.1663 

.1677 
.1572 

.1350 
.1761 


Inch. 
.1075 
.1076 

.1055 
.1060 

.0810 
.1198 


Inch. 
.1557 
.1666 

.1548 
.1548 

.1888 
.1715 


Inch. 
.0482 
.0479 

.0498 
.0488 

.0628 
.0617 


Inch. 
.0008 
.0008 

.0029 
.0024 

.0017 
.0086 


Bar ruptured, be- 
tween bearings, 
".8 from edge of 
north middle bear- 
ing. 


60,000 


100 


100 


60,000 


900 


1,000 


60,000 


16,540 


17,640 



















The bar run hot. A stream of water was played on it during the 
test after the first 1,1T)0 rotations. 
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No. 394. 
Marks, 1.09C. 

Gautier steel bar; 1.09 per cent carbon. Hot-rolled bar. 
Diameter, 1". Speed of rotation, 500 per minute. 
Len^h between end supports, 33". 
Loaded over 4" len^h at middle. 
Deflections measured on chord of 10". 



Max- 

imum 
fiber 

stress 
per 

square 

Tnch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Seti. 


Remarks. 


SuccesBive. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Pounds 
60,000 

60,000 

50,000 

60,000 








a 
b 

a 
b 

a 
b 


Inch. 
.1647 
.1666 

.1664 
.1656 

.1652 
.1678 


Inch. 
.1165 
.1145 

.1148 
.1142 

.1118 
.1115 


Jneh. 
.1562 
.1562 

.1661 
.1664 

.1627 
.1586 


Inch, 
.0897 
.0407 

.0408 
.0412 

.0414 
.0421 


InefL 

—.0006 

.0004 

.0008 
.0002 

.0026 
.0042 


Bar raptmed, under 
the south middle 
bearing. 


100 


100 


900 


1,000 


60,090 


61,080 















The bar run hot. A stream of water was played on it during the 
test, after the first 1,100 rotations. 

No. 396. 
Marks. .34C. 

Oautier steel bar, 0.34 per cent carbon. Hot-rolled bar. 
Diameter, 1". Speed of rotation, 600 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- 

imum 
fiber 
stress 
per 
square 
inch. 


Number of rotations. 




De- 
fleo- 
tlona. 


Sets. 


Bemarks. 


Suoceariye. 


Total. 


On 

line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Pounds 
45,000 

46,000 

46,000 

45,000 

45,000 








a 
b 

a 
b 

a 
b 

a 
b 


Inch. 
.1569 
.1569 

.1570 
.1568 

.1580 
.1574 

.1586 
.1502 


Inch. 
.1197 
.1208 

.1200 
.1208 

.1140 
.1197 

.1168 
.1185 


Indi. 
.1667 
.1566 

.1566 
.1565 

.1558 
.1567 

.1687 
.1566 


Inch. 
.0870 
.0857 

.0866 
.0357 

.0418 
.0860 

.0874 
.0871 


Inch. 
.0002 
.0004 

.0005 
.0008 

.0022 
.0017 

—.0002 
.0036 


Bar ruptured be- 
tween bearings,l.''5 
from edge of south 
middle bearing. 


100 


100 


900 


1,000 


9,000 


10,000 


156,800 


166,860 















The bar run hot. A stream of water was played on it during the 
test, after the first 10,000 rotations. 



ENDUBANOE OF ROTATING SHAFTS. 
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No. 396. 
Marks, .78C. 

Gautier steel bar, 0.73 per cent carbon. Hot-rolled bar. 
Diameter, 1". Speed of rotation, 500 per minute. 
Length between end supports, 33" 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- 
imum 
fiber 
Btrees 
per 
square 
Inch. 


Number of rotatioiw. 


deflections. 


De- 
flec- 
tions. 


Sets. 


Remarkfi. 


8ucce«lye. 


Total. 


On 

line. 


Un- 
load- 
ed. 


TiOAd- 
ed. 


Un- 
load- 
ed. 


Pounds 
45,000 

45,000 

45,000 

45,000 

45,000 








a 
b 

a 
b 

a 
b 

a 
b 


Inch. 
.1568 
.1665 

.1652 
.1555 

.1654 
.1665 

.1547 
.1659 


Inch. 
.1188 
.1182 

.1192 
.1184 

.1186 
.1186 

.1180 
.1182 


Inch, 
.1561 
.1668 

.1662 
.1568 

.1668 
.1563 

.1547 
.1651 


Inch. 
.0868 
.0871 

.0660 
.0869 

.0868 
.0867 

.0867 
.0869 


Inch. 
.0002 
.0002 

0. 

.0001 
.0002 

0. 
.0008 


Bar raptured. Be- 
centric fracture 
occurring 2''.75 be- 
yond the edffe of 
the north middle 
bearing, at a fine 

the surface of the 
bar which was 
used for locating 
the position of the 
micrometer beam. 


100 


100 


900 


1,000 


9.000 


10.000 


7,254,010 


7,264,010 








-» 
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No. 397. 
Marks, Bail No. 66. 
From head of nickel steel railroad rail. 
Diameter, 1". Speed of rotation, 500 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- 
imum 
fiber 
stress 
per 
square 
Inch. 


Number of rotations. 


deflections. 


De- 
flec- 
tions. 


Seta. 

Inch. 
.0001 
.0002 

-.0002 
.0001 

0. 
.0005 




SucocsKive. 


Total. 


On 
line. 


Un- 
load- 
ed. 

Inch. 
.1662 
.1552 

.1563 
.1660 

.1666 
.1648 


Load- 
ed. 

Inch. 
.1228 
.1221 

.1230 
.1220 

.1230 
.1215 


Un- 
load- 
ed. 


Remarks. 


Pounds 
40,000 

40.000 

40,000 

40,000 








a 

b 

a 
b 

a 
b 


Inch. 
.1661 
.1560 

.1665 
.1649 

.1566 
.1548 


Inch. 

.0229 

.0335 
.0829 

.0385 
.0828 


Bar ruptured. Ec- 
centric fracture, 
occurring2".26 be- 
yond tbe edge of 
the south nuddle 
bearing, at a place 
where the emery 
wheel, used In 
grinding the bar, 
chanced to leave 
a slightly flat- 
tened spot. 


100 


100 


900 


1,000 


445,970 


446,970 















ENDUBANOE OF ROTATING SHAFTS. 
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No. 398. 
Marks, .17C1. 

Gautier steel; 0.17 per cent carbon; li" hot-rolled bar, annealed 
and endurance shaft turned down therefrom. 
Diameter, 1". Speed of rotation, 600 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- 
imum 
fiber 
stress 
per 
sqaare 
inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Bets. 


Remarks. 


Suocessiye. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


PomuU 
40,000 

40,000 

40,000 

40,000 








a 
b 

a 
b 

a 
b 


Inch. 
.1665 
.1568 

.1592 
.1566 

.1550 
.1611 


Inch. 
.1241 
.1232 

.1296 
.1224 

•.117S 
.1126 


Inch. 
.1562 
.1548 

.1568 
.1588 

.1656 
.1460 


Inch. 
•.0821 
.0816 

.0822 
.0809 

.0682 
.0884 


Inch. 
.0008 
.0015 

.0084 
.0082 

-.0006 
.0151 


Bar ruptured, be- 
tween bearings, 1^ 
from edge of south 
middlebesring. 


100 


100 


900 


1,000 


127,260 


128,260 















The bar run hot. A stream of water was played on it during the 
test sitBT the first 1,000 rotations. 
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No. 399. 
Marks, .17C2. 

Grautier steel; 0.17 per cent carbon, 
li" hot rolled bar, neated to first red and quenched in oil. 
Diameter, 1". Speed of rotation, 600 per minute. 
Len^h between end supports, 33". 
Loaaed over 4" length at middle. 
Deflections measurra on a chord of 10". 



Mazi- 
mum 
fiber 
stieas 
per 
square 
inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


Successive. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Fotmdi. 
40,000 

40,000 

40,000 

40,000 








a 
b 

a 
b 

a 
b 


Inch. 

Tl664 

.1675 
.1664 

.1678 
.1666 


Inch, 
.1268 
.1248 

.1252 
.1242 

.1246 
.1240 


Inch. 
.1673 
.1662 

.1678 
.1662 

.1671 
.1561 


Inch. 
.0816 
.0319 

.0821 
.0020 

.0625 
.0321 


Inch, 
.0002 
.0002 

.0002 
.0002 

.0002 
.0004 


Bar ruptured be- 
tween bearings. 
F.6 from edge of 
south middle beai^ 
ing. 


100 


100 


900 


1,000 


468,450 


464,450 















The bar nui hot. A stream of water was played on it during the 
test, after the first 1,000 rotations. 



ENDUKANOE OF BOTATING SHAFTS. 
No. 400. 

Marks, .17C3. 

Gautier steel: 0.17 per cent carbon. 

li" hot-rolled bar, heated to a low yellow and quenched in oil. 

Diameter, 1". Speed of rotation, 600 per minute. 

Length between end supports, 33". 

Loaded over 4" len^h at middle. 

Deflections measured on chord of 10". 
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Max- 

imnm 

fiber 

etresB 

per 

square 

inch. 


Number of rotatlona. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions, 


Sets. 

Inch. 
.0001 
.0008 

.0002 
.0006 

.0012 
.0012 


Remarks. 


SuccesBiye. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


Founds 
40.000 

40,000 

40,000 

40,000 








a 
b 

a 
b 

a 
b 


Inch. 
.1570 
.1578 

.1570 
.1679 

.1577 
.1580 


Inch. 
.1260 
.1252 

.1245 
.1249 

.1242 
.1240 


Inch, 
.1569 
.1575 

.1568 
.1574 

.1665 
.1568 


Inch. 
.0319 
.0328 

.0828 
.0325 

.0323 
.0828 


Bar ruptured be- 
tween bearings. 
1''.25 from edge of 
north middlebear- 
ing. 


100 


100 


900 


1,000 


208,620 


209.520 















The bar run hot. A stream of water was played on it during the 
test, after the first 1,000 rotations. 

H. Doc. 22, 5^1 17 
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No. 4()1. 
Marks, 17C4. 

Gautier steel; 0.17 per cent carbon. 

li" hot rolled bar, neated to a low yellow and quenched in water. 
Diameter, 1". Speed of rotation, 500 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- i 
imam I 
fiber I 
stress 
per 
flquare 
inch. 



Pound* 
40,000 



I 40,000 
40.000 
•10,000 



Number of rotaUon* ""=~'Srt2cSS!*' "" 



Successive. 


Total. 








100 


100 







900 . 
446,810 ; 



I 



On 
line. 



1.000 a 
b 



447,810 



Un- 
load- 
ed. 



Load- 
ed. 



Inch. 
.1552 
.1592 

.1568 
.1563 

.1555 
.1562 



Iftch. 
.1213 
.1237 

.1233 
.1283 

.1220 
.1225 



Un- 
load- 
ed. 



Inch. 
.1520 
.1567 



.1548 
.1555 



De- 
flec- 
tions. 



Sets. 



Remarks. 



Inch. , Inch. , 

.0307 .0032 i 

.0320 I .0035 

.0614 I .0006 ' 



.1547 .0614 

.1555 .0822 ' .0008 



.0890 



.0007 , 
.0007 I 



I 1 



Bar ruptured be- 

. tween bearings. 

I'' from edge or 

north middle 

bearing. 



The bar run hot. A stream of water was played on it, during the 
test, after the first 1,000 rotations. 
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No. 402. 
Marks, .17C5. 

Gautier steel; 0.17 per cent ca,rbon. 

li" hot rolled bar, heated to a low yellow, quenched in water, 
reheated to a full yellow, and cooled in sand. 
Diameter, 1". Speed of rotation, 600 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


Succeadvc. 


Total. 


On 
line. 


Un- 
load- 
ed. 

Inch. 
.1548 
.1557 

.1550 
.1557 


Load- 
ed. 


Un- 
load- 
ed. 

Inch. 
.1M7 
.1555 

.1546 
.1553 

.1542 
. 1552 


40,000 
40,000 
40,000 
40.000 








a 
b 

a 
b 

a 
b 


iTWh. 

.1224 
>1282 

.1224 
.1237 


Inch. 
.0323 
.0323 

.0322 
.0316 

.0827 
.0322 


Inch. 
.0001 
.0002 

.0004 
.00(M 

.0008 
.0008 


Bar ruptured be- 
tween bearings, 
".20 from edge of 
north middle Dear- 
ing. 


100 


lOO 


900 


1.000 


. 1550 . 1215 
.1560 ' .1230 


116,7:^0 


117,730 




1 









The bar run hot. A stream of water was played on it during the 
test, after the first 1,000 rotations. 
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No. 403. 

Marks, 1.09C. 

Gautier steel; 1.09 per cent carbon. Hot-rolled bar. 

Diameter, 1". Speed of rotation, 600 per minute. 

Length between end supports, 33". 

Loaded over 4" length at middle. 

Deflections measured on chord of 10". 



Max- 
imum 
fiber 
stress 
per 
square 
inch. 


Number of rotations. 


Micrometer readings for 
deflections. 


ne- 


Sets. 




Successiye. 


Total: 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 

Inch. 
.1182 
.1189 

.1182 
llfll 


flec- 
Un- tions. 
load- 
ed. 


Remarks. 


Pounds 
45,000 

46,000 

46,000 

46,000 








a 
b 

a 
b 

a 
b 


Inch. 
.1553 
.1657 

.1568 
.1556 


Inch. 
.1558 
.1556 

.1554 
.1666 

.1550 
IRFA 


Inch. 
.0371 
.0867 

.0872 
.0866 

.0370 
ai7i 


Inch. 
0. 
.0001 

-.0001 
.0002 

.0004 
.000> 


1 


100 


100 


1 

1 


900 


1,000 


.1654 .1180 
. 1560 . 1182 




181,700 


182,700 


I" 


Bar ruptured, be- 
tween bearings. 
''.36 from edge of 
north middlebear- 
ing. 


1 
1 
1 











The bar run hot. A stream of water was played on it during the 
test, after 1,000 rotations. 

No. 404. 
Marks, 1.09C. 

Gautier steel; 1.09 per cent carbon. Hot-rolled bar. 
Diameter, 1". Speed of rotation, 500 per minute. 
Length between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on a chord of 10". 



Max- 
imum 
fiber 
stress 
per 
square 
inch. 


Number of rotations. 


Micrometer readings for , 
deflections. 1 

De- 


Sets. 


Remarks. 


Successive. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


1 flec- 
Un- tions. 
load- 
ed. 


Potmdt 
40,000 

40.000 

40,000 

40,000 








a 
b 

a 
b 

a 
b 


Inch. 
.1561 
.1568 

.1562 
.1562 

.1660 
.1662 


Inch. 
. 1242 
.1241 

.1238 
.1242 

.1248 
.1243 


Inch. Inch, t Inch. 
.1560 .0318 .0001 
.1562 .0821 .0001 

.1561 .0623 .0001 
.1562 .0820,0. 

.1669 ; .0316 ' .0001 
.1662 .0819 0. 




100 


100 


Bar ruptured be- 
tween beailngs, 
".90 from edge 
of north mlddQe 
bearing. 


900 


1,000 


482,880 


488,880 








! 

1 



The bar run hot. A stream of water was played on it during the 
test, after the first 1,000 rotations. 
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No. 405. 
Marks, 1.09C. 

Grautier steel; 1.09 per cent carbon. Hot-rolled bar. 
Diameter, 1". Speed of rotation, 600 per minute. 
Len^h between end supports, 33". 
Loaded over 4" length at middle. 
Deflections measured on chord of 10". 



Max- 

fiber 

■trasB 

per 

square 

Inch. 

Pounds 
85.000 

85,000 

85,000 

86.000 

86.000 


Number of rotationn. 


Micrometer reacUngs for 
deflections. 


De- 
flec- 
tions. 

Inch. 
.0286 
.0288 

.0285 
.0280 

.0285 
.0282 

.0288 
.0284 


Sets. 


Remarks. 


SucceasiTe. 


Total. 


On 

line. 

a 
b 

a 

b 

a 
b 

a 
b 


Un- 
load- 
ed. 


Load- 
ed. 



Inch. 
.1^0 
.1272 

.1270 
.1275 

.1270 
.1278 

.1270 
.1278 


Un- 
load- 
ed. 

Inch. 
.1555 
.1656 

.1665 
.1565 

.1565 
.1566 

.1558 
.1557 








Inch. 
.1666 
.1666 

.1556 
.1665 

.1566 
.1566 

.1558 
.1569 


Inch. 
.0001 
.0001 

.0001 
0. 

.0001 
0. 

0. 
.0002 




100 100 




900 < 1,000 


Bar not ruptured. 
Still running. 


6,608.780 5.604,780 




7,871.700 


12,876,480 
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TENSILE SPECIMENS FROM RUPTURED 
ENDURANCE SHAFTS. 
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tensile specimens from rui^ured endurance shafts. 265 

Tensile Specimens from Ruptured Endurance Shafts. 

Specimens taken from the ends of ruptured barn. The tests are 
arranged in the order of the numbers of the endurance tests to which 
they refer. 

No. 8109. 
Marks, .550. 
Endurance test, No. 383. 
Diameter, ".564. 
Sectional area, .25 square inch. 
Gauged length, 3". 
See Keport of 1903, page 345, for Endurance test. 




Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
46,000 
60,000 
55,000 
58,000 
50,000 
69,500 
56,000 
57,000 
56,000 
59,000 
60,000 
62,000 
64,000 
66,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
100,000 
105,000 
110,000 
111,200 




Remarks. 



Initial load. 



.0044 . 

.0060 I 

.0065 ' 

.0068 

.0060 I ' Elartlc limit. 

I Load fell. 

.0181 



0. 



.0181 
.0215 
.0231 
.0247 
.0279 
.0311 
.0848 
.0488 
.06 
.07 
08 



^^ 



.12 
.15 
.18 
.82 



.53 



.0171 



Tensile strength. 
' =17.7 per cent. 



M5, ".26*, ".12. 



Elongation of inch sections, 

Diameter at fracture, ".46; area, .1662 square inch. 

Contraction of area, 83.5 per cent. 

Appearance of fracture, silky, fine granular at circumference. 
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No. 8110. 

Marks, .340. 

Endurance test, No. 389. 

Diameter, ".564. 

Sectional area, .26 square inch. 

Gauged length, S'\ 



Applied 

loaosper 

nquare 

inch. 



Pounds. 
1.000 
5.000 
10.000 
90,000 
40,000 
46.000 
60,000 
62.000 
54,000 
55,000 
56.000 
56,400 
60,000 
51,000 
52,000 
54,000 
66,000 
58,000 
60.000 
65,000 
70,000 
75,000 
80,000 
85.000 




In gauged length. 



Elonga- 
tion. 



Inch. 

0. 
.0004 
.0009 
.0080 
.0040 
.0044 
.0049 
.0051 
.0053 
.00(>4 
.0055 



.0126 

.0210 

.0512 

.0539 

.0610 

.0669 

.0775 

.10 

.14 

.18 

.27 

.58 

.82 



RemarlcR. 



Inch, 

0. 

0. 



Initial load. 



Elastic limit. I^iad fell. 



Tensile strength. 
= 27.3 per cent. 



Elongation of inch sections, ".19, ".45*, ".18. 
Diameter at fracture, ".88; area, .1134 square inch. 
Contraction of area, 54. (> per cent. 
Appearance of fracture, silky. 
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No. 8111. 

Marks, .34C. 

Endurance test, No. 390. 

Diameter, ".564. 

Sectional area, .25 square inch. 

Gauged length, 8". 



AppUcd I 
loaofi per 
square 
Inch. 



Remarks. 




Pounds. 
1,000 
5,000 
10,000 
80,000 
40,000 
50,000 
54.000 
50,000 
51,000 
52,000 
58,000 
54,000 
56,000 
60,000 
65,000 
70,000 
75,000 
80,000 
84,400 




Inch. 

0. 
.0008 
.0009 
.0029 
.0089 



.0049 
.0062 


0. 


.0093 




.0260 




0500 




.0610 
.0519 




.0583 




.0772 




.10 




.14 




.18 




.26 




.52 




.81 









Elastic limit. Load fell. 



Tensile strength. 
I =27 per cent. 



Elongation of inch sections, ".19, ".45*, ".17. 
Diameter at fracture, ".38; area, .1134 square inch. 
Contraction of area, 54.6 per cent. 
Appeai'ance of fracture, silky. 
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No. 8112. 

Marks, .73C. 

Endurance test, No. 391. 

Diameter, ".564. 

Sectional area, .25 square inch. 

Gauged length, 3". 



Applied 

loads per 

Rquare 

inch. 



Pounds. 

1,000 

5.000 

10,000 

30,000 

40,000 

60,000 

60,000 

66,000 

66,000 

67,000 

68,000 

69.000 

70,000 

71.000 

72,000 

78,000 

74,000 

76,000 

80,000 

86.000 

90,000 

96.000 

100,000 

106.000 

110.000 

115,000 

120,000 

125,000 

130.000 

185,000 

140,000 





In firauged length. 



Elonga- 
tion. 



Set. 



Inch. Inch. 

0. , 0. 

.0008 I 0. 

.0009 I 

.0028 i 

.0038 1 

.0048 0. 

.0058 0. 

.0067 

.0069 

.0072 

.0082 

.0087 

.0100 .0024 

.0112 

.0120 

.0180 

.0141 

.0170 

.0220 

.0280 

.0365 

.0436 

.0520 

.06 

.07 

.09 

.10 

.11 1 

.14 I 

. .17 

.81 I 

.82 



Remarks. 



Initial load. 



Elastic limit. 



Tensile strength. 
=10.7 per cent. 



Elongation of inch sections, ".09, ".14*, ".09. 
Diameter at fracture, ".52; area, .2124 square inch. 
Contraction of area, 15 per cent. 
Appearance of fracture, fine granular. 
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No. 8113. 
Marks, .73C. 
Endui-ance test, No. 392. 
Diameter, ".564. 
Sectional area, .25 square inch. 
Gauged length, 3". 



Applied 

loaasper 

square 

inch. 



PouruU. 
1,000 
6.000 
10,000 
30,000 
40,000 
50,000 
60,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
76,000 
80,000 
85,000 
90,000 
95,000 
100,000 
105,000 
110.000 
115,000 
120,000 
130,000 
140,000 
141,200 




In gauged length. 



Elonga- ! Opt 
tion. ^^• 



Inch. 

0. 

.0004 
.0009 
.0029 
.0(MO 
.0050 
.0060 
.0068 
.0065 
.0068 
.0071 
.0074 
.0080 
.0086 
.0094 
.0116 
.0162 
.0210 
.0270 
.0345 
.0417 
.0604 
.06 
.07 
.08 
.10 
.18 
.23 



.27 



Inch. 

0. 

0. 



0. 
0. 



.0019 



RemarkB. 



Initial load. 



Elastic limit. 



Tensile strength. 
--'9 per cent. 



Elongation of inch sections, ".10*, 'MO, ".07. 
Diameter at fracture, ".53; area, .2206 square inch. 
Contraction of area, 11.8 per cent. 
Appearance of fracture, nne granular. 
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No. 81U. 

MarkH, 1.09C. 

Endumnce test, No. 393. 

Diameter, ".564. 

Sectional area, .25 square inch. 

Gauged length, 3". 



Applied 

loads per 

square 

inch. 


In gauged length. 




Elonga- ' «pt 
tion. 1 ^'- 

1 


Remarks. 


Pound*. 
1,000 
5,000 
10.000 
30,000 
40,000 
50,000 


Inch. 

0. 
.0003 
.0009 
.0029 
.0089 


Inch. 

0. 

0. 


Initial load. 










.0049 
.0059 
.0070 
.0075 
.0076 
.0078 






60,000 
' 70,000 
1 75,000 


0. 
0. 




76,000 
1 77,000 


0. 


KlaKiic limit. 


78,000 
1 72,000 




Load fell. 


niio 




78,000 .0180 
74,000 QS12 






76,000 
78,000 
80,000 
85,000 
90,000 
95,000 
100,000 
110,000 
120,000 
180,000 
134,800 



.0825 

.0342 

.0668 

.0425 

.0500 

.0665 

.0642 

.08 

.11 

.17 












































Tensile strength. 


.25 




=8.3 per cent. 





Elongation of inch sections, ".08, ".08, ".OD*. 
Diameter at fracture, ".54; area, .2290 square inch. 
Contraction of area, 8.4 per cent. 
Appearance of fracture, fine granular. 
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No. 8116. 
Marks, 1.09C. 
Endurance test, No. 394. 
Diameter, ".564. 
Sectional area, .25 square inch. 
Gauged length, 3". 



Applied 
loacUiper 



In gauged length. 



Pounds. 

1,000 

5.000 

10,000 

30.000 

40,000 

60,000 

60,000 

70,000 

76,000 

77,000 

78,000 

?2,000 

73,000 

74,000 

76,000 

78,000 

80,000 

85,000 

90,000 

96,000 

100,000 

110,000 

120,000 

130,000 

134,400 





Tnch. 

0. 
.0004 
.0009 
.0029 
.0089 
.0061 
.0062 
.0073 
.0078 
.0080 
.0082 
.0131 
.0284 
.0309 
.0320 
.0343 



.0605 

.0673 

.0660 

.09 

.12 

.17 



.25 



Set. 



Inch. 



.0001 



RemarkK. 



Initial load. 



Elastic limit. Load fell. 



Tensile strenetl 
=r 8.8 per cent. 



Elongation of inch sections, ".08, ".09*, ".08*. 
Diameter at fracture, ".54; area, .2290 square inch. 
(Contraction of area, 8.4 per cent. 
Appearance of fracture, fine granular. 
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No. 8116. 

Marks, .34C. 

Endurance test, No. 395. 

Diameter, ".564. 

Sectional area, .25 square inch. 

Gauged length, 3". 



Applied 

loads per 

square 

inch. 



Pounds, 
1,000 
5,000 
10,000 
30.000 
40,000 
60,000 
51,000 
52,000 
53,000 
54,000 
55,000 
51,000 
52,000 
58,000 
54,000 
56,000 
58,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 




In gauged length. 



Elonga- 
tion. 


Set. 


J 


Inch. 

0. 

.0001 
.0009 


Inch. 

0. 

0. 


Initial load. 


.0029 






0039 






.0049 
.0050 


6. 




.0052 






.0053 






.0055 






0056 




Elastic limit. Load fell. 


.0090 






0485 






.0493 






.0516 






.0580 






0670 






.0748 






.10 






.13 






.18 






.27 






.51 




Tensile strength. 


.83 




=27.7 per cent. 







Remarks. 



Elongation of inch sections, ".19, ".46*, ".18. 
Diameter at fracture, ".88; area, .1134 square inch. 
Contraction of area, 54.6 per cent. 
Appearance of fracture, silky. 
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No. 8117. 

Marks, .73C. 

Endurance test, No. 396. 

Diameter, ".564. 

Sectional area, .25 square inch. 

Gauged length, 3". 



loads per 
square 
Inch. 


In gauged length. 

• 


1 

. j 


Elonga- 
tion, 


Set. 


Remarks. j 

• 


IHmndt. 
1,000 
6,000 
10,000 
30,000 
40.000 
50,000 
60.000 
63,000 
64.000 
65,000 
66,000 
67,000 
68.000 
70,000 
72,000 
74,000 
76,000 
80,000 
85,000 
90,000 
95,000 
100.000 
105,000 
110.000 
120.000 
180,000 
185.000 
138.400 



Inch. 

0. 
.0004 
.0010 
.0080 
.0048 
.0068 
.0063 
.0067 
.0070 
.0074 
.0064 
.0090 
.0102 
.0122 
.0144 
.0162 
.0190 
.0246 
.0810 
.0884 
.0464 
.0565 
.07 
.06 
.10 
.14 
.18 


Inch. 

0. 

0. 


Initial load. 
ElaaUc limit 

Tensile strength. 
=11. 3 per cent. 






.0001 
.0001 












.0042 




























.84 







Elongation of inch sections, ".09, 
Diameter at fracture, ".52; area, . 
Contraction of area, 15 per cent. 
Appearance of fracture, granular. 



".15*, ".10. 
21-24 square inch. 



H. Doc. 22, 59-1- 



-18 
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No. 8118. 
Marks, Rail 66. 
Endurance test, No. 397. 
Diameter, ".564. 
Sectional area, .25 squstre incb. 
Gauged length, 3". 



Applied 

loads per 

square 

inch. 


In gauged length. 




Elonga- 
tion. 


Beu 


1.000 

a. 000 

10,000 
TO^OOO 
so, 000 
S6,000 
40,000 
<6,000 
60,000 
56,000 
fl0.0OU 
66,000 
70,000 
76,000 
M,000 
KUOOO 
82,000 
88,000 
«M,000 
i6,000 
86,000 
88.000 
80,000 
06,000 
100,000 
106,000 

no, 000 

116,000 

116,200 




Inch. 
0. 
.0001 

,OQoa 

.0019 
.0QQ9 
.00^ 
.0040 
.0015 
.OObO 

.ooe* 

.0062 
.006S 
.0O7B 
.00*2 
.00136 
.0100 
.0104 
.0110 
.0126 

.02e& 

.0SQ6 

.(^^ 

.06 

.07 

.0& 

.10 

.IS 

.16 





InitJitl lofid, 1 

HllLBtlutlllllt. 

=B 5 per cent. 




0. 


0. 

0. 

0. 

0, 
.0001 
.0001 
.0001 
.0004 
.0009 














.15 







Elongation of inch sections, ".05, ".06*, ".04. 
Diameter at fracture, ".55; area, .2376 square inch. 
Contraction of area, 5 per cent. 
Appearance of frak^ture, fine granular. 
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No. 8119. 

Marks, .ITQ. 

Endurance test, No. 398. 

Diameter, ".564. 

Sectional area, .25 square inch. 

Gauged length, 3". 



square 
inch. 

Pounds. 
l,0OC 
5.000 
10,000 
80,000 
40,000 
45,000 
46.000 
86,000 
87,000 
88,000 
89,000 
40,000 
41.000 
42,000 
48,000 

S:gg 

50,000 

• 55,000 

60,000 

68,040 




In gauged length. 


Remarks. 


Elonga- 
tion. 

Inch. 
0. 
.0008 

.0009 
.0029 
.0069 
.0044 


Set. 

Inch. 

0. 

0. 


Initial load. 
Elasticlimit. Load fell. 

Tensile strength. 
» 84. 8 per cent. 




0. 




.0100 

.0124 

.0170 

.0651 

.0684 

.0720 

.0792 

.0615 

.0685 

.1066 

.14 

.21 

.88 






























1.08 







Elongation of inch sections, ".22, ".56*, ".25. 
Diameter at fracture, ".35; area, .0962 square inch. 
Contraction of area, 61.5 per cent. 
Appearance of fracture, fine silky. 

Note. — ^The metal of the endurance shaft was annealed before 
was turned up and tested. 



it 
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No. 8120. 

Marks, .iTCj. 

Endurance test, No. 399. 

Diameter, ".564. 

Sectional area, .25 square inch. 

Gauged length, 3". , 



Applied 

loans per 

fiqtiare 

inch. 


In gauged length. 




Elongar 
tion. 

Inch, 

0. 

.0004 
.0009 

.0080 
.0040 
.0046 
.0049 
.0052 


Set. 


Remarks. 


PoufuU. 
1,000 
5,000 
10,000 
80,000 
40,000 
45,000 
48,000 
40,000 
50,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
60,000 
65,000 
70,000 
75,000 
75,800 



Inch. 

0. 

0. 


Initial load. 




.6661 






Elastic limit. 




Tioad fell. 

• 

Tensile strength. 
=27 per cent. 


.0085 

.0100 

.0157 

.0885 

.0800 

.0487 

.0641 

.0630 

.0886 

.18 

.19 

.82 




























.81 







Elongation of inch sections, ".48*, ".20, ".13. 
Diameter at fracture, ".35; area, .0962 square inch. 
Contraction of area, 61.5 per cent. 
Appearance of fracture, fine silky. 

Note. — ^The metal of the endurance shaft was heated to first red 
and quenched in oil. 
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No. 8121. 
Marks, .170,. 
Endurance test, No. 400. 
Diameter, ".664. 
Sectional area, .25 square inch. 
Gauged length, 3". 



AppUed 

lofuuper 

BQuare 

dch. 


In gauged length. 




Elonga- 1 a<»t 
tion. ^^ 




Pounds. 
1,000 
6,000 
10,0G0 
80,000 
40,000 
46,000 
60,000 
63,000 
64,000 
66,000 
48,000 
49,000 
60,000 
61.000 
62,000 
64,000 
66,000 
60,000 
66,000 
70,000 
73.000 



Inch. 

0. 
.0008 
.0009 

.0029 
.0089 
.0046 


Inch. 

0. 

0. 


Initial load. 






6. 




.0060 
.0063 
.0066 


0. 






Elastic limit. 




Load fell. 


.0094 






.0110 
.0262 
.0684 
.0691 
.0786 
.0920 




















Tensile strength. 
-' 31.7 per cent. 




.18 

.18 
.29 










.96 






Remarks. 



Elongation of inch sections, ".60*, ".25, ".20. 
Diameter at fracture, ".33; area, .0855 square inch. 
Contraction of area, 65.8 per cent. 
Appeai'ance of fracture, fine silky. 

Note. — The metal of the endurance shaft was heated to a low yel- 
low color and quenched in oil. 
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No. 8122. 
Marks, .170,. 
Endurance test, No. 401. 
Diameter, ".564. 
Sectional area, .25 square inch. 
Gauged length, 3". 



Applied 

lofuuper 

square 


In gauged length. 


Remarks. 


Elonga- 
tton. 


Set. 


Pounds. 
1.000 
6,000 
10,000 
80,000 
40,000 
45,000 
60,000 
64.000 
54,400 
52,000 
58,000 
54,000 
55,000 
56,000 
57,000 
58,000 
60,000 
65,000 
70.000 
75,000 
78,000 



Inch. 

0. 

.0008 
.0006 

.0028 
.0088 
.0048 
.0049 
.0054 


Inch. 

0. 

0. 


Initial load. 






0. 




0. 




Elastic limit. Load fell. 


.0079 
.0090 
.0410 
.0416 
.0448 
















Tensile strength. 
-^19.8 per cent. 




.0474 

.0586 

.0660 

.0948 

.14 

.21 

















.58 







Elongation of inch sections, ".07, 'Ml, ".40*. 
Diameter at fracture, ".35; area, .0962 souare inch. 
Contraction of area, 61.5 per cent. 
Appearance of fracture, fine silky. 

Note. — The metal of the endurance shaft was heated to a low yellow 
color and quenched in water. 
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No. 8123. 
Marks, .ITC^. 
Endurance test, No. 402. 
Diameter, ".564. 
Sectional area, .25 square inch. 
Gauged length, 3". 



Applied 

loMbper 

square 

inch. 



Pound*. 
1.000 
6,000 
10,000 
SO, 000 
40,000 
45,000 
50,000 
61,000 
46,000 
47,000 
48,000 
49,000 
50,000 
61,000 
62,000 
64,000 
66,000 
60,000 
65,000 
70,000 
70,800 




In gauged length. 



Elonga- 
tion. 



Remarks. 



Set 



Inch. 

0. 

.0004 
.0010 
.0029 
.0040 
.0046 
.0060 
.0061 
.0061 
.0090 
.0819 
.0720 
.0786 
.0775 
.0644 
.0904 
.11 
.15 
.21 
.42 



Inch, 

0. 

0. 



0. 
0. 
0. 



.92 



Initial load. 



Elastic limit. Load fell. 



Tensile strength. 
= 80.7 per cent. 



J 



Elongation of inch sections, ".53», ".22, ".17. 
Diameter at fracture, ".31; area, .0755 square inch. 
Contraction of area, 69.8 per cent. 
Appearance of fracture, fine silky. 

Note. — ^The metal of the endurance shaft was heated to a low yellow 
color, quenched in water, and then annealed at a full yellow heat. 
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No. 8124. 
Marks, 1.09C. 
Endurance test, No. 408. 
Diameter, ".664. 
Sectional area, .25 square inch. 
Grauged length, 3". 



AppUed 

loaasper 

sqaara 

inch. 


In gauged length. 


Renuurks. 


Blong&- 
tlon. 


Set. 


I\mnd9. 

1.000 

5.000 

10.000 

80.000 

40.000 

60,000 

60.000 

70,000 

75.000 

78,000 

78.000 

74,000 

75,000 

76.000 

78,000 

80,000 

85,000 

90.000 

95.000 

100,000 

110,000 

120.000 

180.000 

185.200 




Inch, 
0. 
.0004 

.0010 

.0080 

.0041 

.0061 

.0061 

.0072 

.0076 

.0062 

.0180 

.0808 

.0610 

.0816 

.0889 

.0860 

.0420 

.0496 

.0662 

.0686 

.07 

.09 

.16 


Inch. 

0. 

0. 


Initial load. 

Elartic limit Load fell. 


0. 




0. 
0. 
.0001 










Tensile strength. 
=6.8 per cent. 
























.19 







Elongation of inch sections, ".05, ".07, ".07*. 
Diameter at fracture, ".54; area, .2290 square inch. 
Contraction of area, 8.4 per cent. 
Appearance of fracture, tine granular. 
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No. 8125. 
Marks, 1.09C. 
Endurance test, No. 404. 
Diameter, ".664. 
Sectional area, .25 square inch. 
Gauged length, 3''; 



loaoBper 
square 
inch. 


In ganged length. 


Kemarks. 


Elonga- 
tion. 


Bet. 


Pounds. 
1,000 
6,000 
10,000 
80,000 
40,000 
60,000 
60,000 
70,000 
75.000 
77.000 
71.000 
72,000 
78,000 
74,000 
76,000 
78,000 
80,000 
86,000 
90,000 
96,000 
100,000 
110,000 
120.000 
180.000 
184,400 



Inch. 

0. 
.0004 
.0009 

.0060 

.0040 

.0061 

.0062 

.0072 

.0078 

.0060 

.0180 

.0187 

.0174 

.0810 

.0328 

.0641 

.0868 

.0480 

.0498 

.0670 

.0660 

.09 

.11 

.17 


Inch. 

0. 

0. 


Initial load. 

ElaRtlc limit. LoadfelL 

Tensile strength. 
=7.8 per cent. 








0. 
0. 
0. 
































.22 




• 



Elongation of inch sections, ".07, ".09*, ".06. 
Diameter at fracture, ".64; area, .2290 square inch. 
Contraction of area, 8.4 per cent. 
Appearance of fracture, fine granular 
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TENSILE SPECIMENS FROM RUPTURED ENDURANCE SHAFTS. 283 
AUXILIARY TO ENDURANCE TESTS. 

Specimens to Show Mechanical Work Necessary to Produce 

Rupture. 

No. 8132. 
Marks, .34C. 
Diameter, ".798. 
Sectional area, .50 square inch. 
Gauged length, 4". 



Applied 

loads per 

square 

inch. 


In gauged length. 


Remarks. 


Elonga- 
tion. 


set. 


Pounds. 
1,000 
5,000 
80,000 
40,000 
50,000 
54,000 
54.400 

50,000 
51,000 
52.000 
58,000 
54,000 
56,000 
58,000 
60,000 
62.000 
64,000 
66.000 
68,000 
70,000 
72,000 
74,000 
76,000 
78.000 
80,000 
82,000 
84,000 
84,500 
85,000 



Inch. 

0. 

.0006 
.0040 
.0065 
.0060 
.0074 
.0075 

.0104 
.0200 
.0688 
.0664 
.0600 
.0780 
.0886 
.0098 
.1107 
.1234 
.1875 
.15 
.17 
.19 
.21 
.24 
.27 
.31 
.87 
.47 
.65 
.61 
1.07 


Inch. 
0. 
0. 

8: 


Initial load. 

Elastic limit. I,o«d feU. 

Mechanical work at elastic limit. 51.7 Inch-pou RdN-»4.3 
fn<.(-pound.4 per cuhic inch. 

TensUe strength. 
=26.7 per cent. 

Mechanical work necessary to produce rupture, 11,914 
inch-pound8<-993 foot-pounds per cubic Inch. 























































Elongation of inch sections, ".20, ".52*, ".21, ".14. 
Diameter at fracture, ".54; area, .229 square inch. 
Contraction of area, 54.2 per cent. 
Appearance of fracture, fine silky. 
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No. 8138. 
Marks, .34C. 
Diameter, ".798. 
Sectional area, .60 square inch. 
Grauged length, 4". 



loodaper 
square 


In gauged length. 


RemarkA. 


Elonga- 
tion. 


Set. 


Pmmdi. 
1.000 
6.000 
80.000 
40,000 
60,000 
64,000 
64,200 

60.000 
61.000 
62,000 
68,000 
64,000 
66.000 
68.000 

62,000 
64,000 
66.000 
68. COO 
70,000 
72,000 
74,000 
76.000 
78.000 
80,000 
82,000 
84,000 
84.200 



Inch. 

0. 

.0006 
.0041 
.0064 
.0069 
.0074 
.0075 

.0121 
.0400 
.0672 
.0687 
.0709 
.0606 
.0914 
.1028 
.U69 
.1286 
.1444 
.16 
.18 
.20 
.22 
.26 
.29 
.84 
.40 
.51 
.64 
1.07 


Inch. 
0. 
0. 
0. 


Initial load. 

ElasUc limit. Load fell. 

Mechanical work at elastic Umlt. 61.5 lnch-pounds«>4.S 
foot-pounds per cubic Inch. 

Tensile strength. 
»■ 26.7 per cent. 

Mechanical work necesMry to produce rupture. 11.8U0 
inch-pounds-i988 foot-pounds per cubic inch. 


.0001 

















































Elongation of inch sections, ".19, ".49*, ".28, ".16. 
Diameter at fracture, ".54; area, .229 square inch. 
Contraction of area, 54.2 percent. 
Appearance of fracture, fine silky. 
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No. 8134. 
Marks, .78C. 
Diameter, ".798. 
Sectional area, .50 square inch. 
Grauged length, 4". 



loadBper 
square 
inch. 


In gauged length. 


Remarks. 


Elonga- 
tion. 


Set. 


AwfKto. 

6,000 
80,000 
40,000 
60,000 
60,000 
64,000 

66,000 
66,000 
67,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
108,000 
116,000 
126.000 
180,000 
184,000 
186,000 
188,000 
140,000 
140,200 



Inch. 

0. 
.0006 
.0040 
.0064 
.0068 
.0088 
.0092 

.0096 

.0106 

.0118 

.0180 

.0160 

.0186 

.0261 

.0819 

.0886 

.0464 

.0641 

.0620 

.07 

.09 

.11 

.16 

.18 

.21 

.26 

.29 

.89 

.40 

.40 


Tndi. 

0. 

0. 


InitUl load. 

Elastic limit. 

Mechanical work at elastic limit, 74.4 inch-pounds<-6.2 
foot-pounds per cubic inch. 

Tensile strength. 
=10 per cent. 

Mechanical work necessary to produce rupture, 12,042 
inch-poundB» 1,008 foot-pounds per cubic inch. 






.0001 



















































Elongation of inch sections, ".09, ".09, ".11*, ".11*. 
Diameter at fracture, ".75; area, .442 square inch. 
Contraction of area, 11.6 per cent. 
Appearance of fracture, fine granular. 
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No. 8186. 
Marks, .73C. 
Diameter, ".798. 
Sectional area, .50 square inch. 
Gauged length, 4". 



Applied 

loads per 

square 

Inch. 


In gauged length. 


Remarks. 


Elonga- 
tion. 


Set. 


PwauU. 
1,000 
5,000 
30,000 
40,000 
50,000 
60,000 
64.000 
66,000 
66,000 

67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
84,000 
88,000 
92,000 
100,000 
108,000 
116,000 
124,000 
180,000 
134,000 
188,000 
140,000 
141,200 



Inch. 
0. 
.0005 

.0089 
.0058 
.0067 
.0081 
.0088 
.0091 


Inch. 

0. 

0. 


Initial load. 






0. 


i 






.0095 

.0101 

.0109 

.0119 

.0129 

.0157 

.0186 

.0216 

.0245 

.0278 

.0850 

.0421 

.0502 

.07 

.09 

.n 

.15 
.17 




Elastic limit. 





Mechanical work at elastic limit, 79.2 inch-pounds «6.6 
foot-pounds per cubic inch. 




1 




Tensile strength. 
=11.5 per cent. 

Mechanical work necessary to produce rupture, 11,787 
inch-poundb=982 foot-pound.s per cubic inch. 
































.21 
.25 
.31 
.39 
.46 













Elongation of inch sections, ".09, ".10, ".15*, ".12. 
Diameter at fracture, ".73; area, .419 square inch. 
Contraction of area, 16.2 per cent. 
Appearance of fracture, fine granular. 
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No. 8136. 
Marks, 1.09C. 
Diameter, ".798. 
Sectional area, .50 square inch. 
Gauged length, 4". 



Applied 

loaosper 

square 

Inch. 



Poundt. 
1,000 
5,000 
80,000 
40,000 
60,000 
60,000 
70,000 
76,000 
75,400 



71,000 
72,000 
74,000 
76,000 
78,000 
80,000 
84,000 
88,000 
92,000 
100.000 
106,000 
116,000 
124,000 
128,000 
182,000 




In ganged length. 



Elonga- 
tion. 



Inch. 
0. 
.0005 

.0089 
.0064 
.0068 
.0062 
.0096 
.0104 
.0105 



.0150 

.0225 

.0436 

.0450 

.0477 

.0511 

.0560 

.0648 

.0782 

.09 

.11 

.18 

.19 

.28 

.80 

.27 



Set. 



Inch. 
0. 
0. 



Remarks. 



Initial load. 



Elastic limit. Load fell. 

Mechanical work at elastic limit, 99.9 inch-poundHs8.3 
foot-pounds per cubic inch. 



Tensile strength. 
=6.7 per cent. 

Mechanical work necessary to produce rupture, 8,042 inch- 
pounds =670 foot-pounds per cubic inch. 



Elongation of inch sections, ".05, ".07, ".08*, ".07*. 
Diameter at fracture, ".7t); area, .454 square inch. 
Contraction of area, 9.2 per cent. 
Appearance of fracture, tine gmnular. 
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No. 8137. 



Marks, 1.09C. 

Diameter, ".798. 

Sectional area, .50 square inch. 

Gauged length, 4". 



AppUed 

loaOBper 

square 

Inch. 


In gauged length. 


Remarks. 


Elonga- 
tion. 


Set. 


Pounds, 
1,000 
5,000 
80,000 
40.000 
60.000 
60,000 
70,000 
75,000 
76,000 
77,000 

72,000 

78,000 

74,000 

76,000 

78,000 

80,000 

84,000 

88,000 

92,000 

100.000 

108,000 

116,000 

128,000 

182,000 

182,800 




Inch. 

0. 

.0005 
.0089 
.0062 
.0066 
.0060 
.0095 
.0101 
.0106 
.0105 

.0149 

.0421 

.0429 

.0446 

.0470 

.0512 

.0578 

.0645 

.0719 

.09 

.11 

.14 

.21 

.80 

.88 

.85 


Inch. 

0. 

0. 


Initial load. 

Elastic limit. Tx)ad fell. 

Mechanical work at elastic limit, 102 lnch-pound8-8.5 
footrpounds per cubic inch. 

Tensile strength. 
= 8.7 per cent. 

Mechanical work necessary to produce rupture, 10,699 
inch-pounda=892 foot-pounds per cubic Incn. 






0. 











































Elongation of inch sections, ".08, 
Diameter at fracture, ".76; area, 
Contraction of area, 9.2 per cent. 
Appearance of fracture, fine granular. 



".11*, ".08*^ ".08. 
454 square inch. 
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EXPERIMENTS WITH STEEL BAES IMMEESED IK LIQUID AIK. 

The contraction of steel bars, of different chemical composition, was 
determined by the use of liquid air. Data points were established on 
specimens 3". 5 apart, and the contraction on these gauged lengths 
measured after the specimens had been immersed in liquid air. The 
air was poured over the specimens, placed singly in a shallow wooden 
tray, maintaining a supply of air until violent ebullition had ceased. 

I'he interval of time of complete submersion was about three min- 
utes. At the end of this time, and while the specimens were still 
submerged, the lengths between reference points were determined in 
the manner usual in the determination of initial strains in steel; that 
is, by means of a micrometer provided with conical contact point^, one 
on each beam, w^hich enter small drilled holes made in the specimen. 
A change in the distance between reference points is measured by the 
micrometer when thus centered on the specimen. 

The tensile strength of one specimen was determined while in a 
bath of liquid air, after submersion of about three minutes succeeding 
the interval of violent ebullition. 

Measurements on the contraction of the steel bars gave the follow- 
ing results, the initial temperature of the bars being 70^ F. 

BARS IMMERSED IN LIQUID AIR. 





Chemical composition. 




' Contraction. 


Carbon. 


Manga- 
nese. 


Silicon. 


Sulphur. 


Pho«- 
phoruH. 


In length 
i of3".5. 


Perlinear 
inch. 


.16 


.61 


.04 


.067 


.070 


1 .0063 .00180 


.34 


.65 


.34 


.057 


.048 


1 .0068 1 .00180 


.56 


.75 


.14 


.050 


.034 


, .0062 1 .00177 


.73 


.64 


.04 


.04S 


.073 


.0067 1 .00191 


.82 


.86 


.10 .030 


.043 


.0064 . .00183 


1.09 


.89 


.11 .042 ' 


.082 


.0066 .00184 



The means of two observations are given above, which were identical 
or differed amounts not exceeding ".0003, excepting with the bar .73C, 
in which the two observations were ".0008 apart. 

The tensile test was made with a bar of the following chemical com- 
position: 

Carbon 17 

Manganese 57 

Silicon 04 

Snlphur 085 

Phosphorus 088 

Dimensions of specimen: Diameter, ''.664=sectional area, .25 sqhare inch, length of stem, 3". 

An initial load of 1,000 pounds tension was applied to the specimen 
after it was adjusted in the testing machine. 

Liquid air was poured into the tray which inclosed the test piece. 

The contractile force developed during the cooling of the specimen 
increased the initial load to 6,700 pounds tension, = 26,800 pounds per 
square inch on the stem. 
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TENSILE TEST. 

Elastic limit, total, approximate pounds. . 20, 000 

Elastic limit, per square inch, approximate do 80, 000 

Tensile strength, total do 24, 400 

Tensile strength, per square inch do 97, 600 

Elongation in 8", ^.32 per cent. . 10. 7 

Diameter at fracture ".41 : area, .132 square inch; contraction, 47.2 per cent 

Elongation of inch sections ". 00, ". 03, ". 29 * 

Appearance of fracture fine granular, radiating from the center 

Load at time of rupture pounds. . 23,000 

The elastic limit was judged of by the rapid yielding of the steel 
which occurred at the load above given. 

Although an apparent elongation of 10.7 per cent was displa3'^ed by 
the test piece, this was due to the local elongation of the stem of the 
specimen at the place of rupture. 

The inch section remote from the fractured one showed no perma- 
nent elongation. 

A cohipanion specimen, taken from the same bar as the specimen 
tested in liquid air, gave the following results when tested at 76^ F., 
the temperature of the testing room: 

Dimensions: Diameter, ".564 ^ sectional area, .25 square inch; length of stem, 3". 

Elastic limit, total pounds.. 13,200 

Elastic limj t, per square inch do 62, 800 

Tenjiile strength, total . . . , do 18, 000 

Tensile strength, per square inch do 72, 000 

Elongation in 8", ".88 per cent. . 29. 3 

Diameter at fracture ".38; area, .1134 square inch; contraction, 54.6 per cent 

Elongation of inch sections - ".20, ".48,* ".20 

Appearance of fracture 7. fine silky 

The gain in strength of the specimen tested in liquid air over the 
companion specimen tested at 76^ F. is 35.5 per cent. 



CON(]RETE AND MORTAR COLUMNS, 

PLAIN AND REENFORCED WITH LONGITUDINAL STEEL 

BARS, AND CAGES OF EXPANDED METAL WITH 

AND WITHOUT STEEL LATHING. 

REKNPORCINCi BARS EXTEND PROM END TO END OP THE COLUMNS. 
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00 

i 





Shapes of concrete and mortar coliunna. 
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Concrete and Mortar Columns. 

Tests continued from report of 1904. 

The columns were nominally 8 feet in height each, and in cross-sec- 
tion dimensions ranged from about 11" to 14". 7 diameter for those of 
round or octagonal shape. The square columns were nominally 12" by 
12", but overrunning tnese dimensions somewhat. 

The mortar columns are placed first in the details of the tests and 
the tabulation, the plain columns preceding those which were provided 
with reinforcing steel bars. The columns are also arranged in the 
order of the richness of the mixtures. The reinforcing bars were 
J-inch square twisted steel bars, which extended from end to end of 
the columns and took full bearings on the platforms of the testing 
machine. The total compression movements of the mortar and of the 
steel bars was, therefore, the same for each while under loads. 

The bars were maintained in place, within the column, against 
latei-al deflection by the strength of the mortar. 

The longitudinal compression of the columns was determined by 
measurements on a gauged length of 50" established symmetrically 
on their lengths. After each increment of load the sets were deter- 
mined, returning to the initial load. At intervals some of the earlier 
loads were repeated, the compressibility of the material thus being 
determined after different degrees of loading. 

The columns were built in upright position. They were tested in a 
horizontal one. 

During the transportation to the testing machine and adjustment 
therein, they were placed under compression by means of end plates 
and side rods with turn-buckles. The loads which were applied in 
this manner before testing are entered in the column of remarks for 
each test. 

Observations were made, with certain of the columns, on the lateral 
expansion of the mortar, which accompanies the direct compression of 
the material. Transverse gauged lengths, of 10" each, were established 
at different places along the length of the column and measurements 
made at each of these. 

The concrete columns were treated in the same manner as the mortar 
columns. Crushed stone (trap rock), pebbles, and cinders were used 
in the composition of the concretes, the proportions of which were 
varied. The richest concrete was a 1:1:2 mixture; the leanest a 1:3:6 
mixture. 

There were two groups of reinforced concrete columns. In one, 
the metal reinforcement consisted of longitudinal steel bars, the same 
as described for the mortar colunms. In the other group the reinforc- 
ing was by means of expanded metal cages of 10" or 12" diameter, 
within which the concrete was placed. Some of the cages were 
wrapped with steel lathing. The lathing was also of expanaed metal 
but of finer mesh and thinner gauge of metal, with respect to its 
thickness, than the metal of larger mesh. 

In the construction of the columns, those which were provided with 
the finer mesh lathing were made without the use of wooden molds. 
The concrete was tamped in place and the surface smoothed off with a 
trowel even with the outside of the wrapping of lathing. A number 
of the columns were subsequently plastered with a coatmg of mortar, 
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applied over the lathing. This was done on the day following the con- 
struction of the column. 

When expanded metal was used without lathing the columns were 
made within wooden molds^ Two only of this type are comprised 
in the present tests, each of these being octagonal in cross section. 

In audition to the cages there were a number of this group of col- 
umns further reinforced with longitudinaT steel bars of small size. 
They were plain, round or square steel bars, i^ square, 3*^" round, and 
t" square, respectively. 

Following the details and tabulated results are some deduced results 
on the behavior of the longitudinal bars of the tirst group of rein- 
forced colunms. 
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No. 1682. 

1:2 mixture. 

Mortar column, plain, without reinforcing metal. 



t 


5j 






fi^rO 





Composition, by volume: Alpha cement, 1; sand, 2. 
Age, set in air, 6 months. 
Weight of column, total, 1,138 pounds. 

Weight of mortar, 1,138 pounds= 130.4 pounds per cubic foot. 
Height of column, 94.60 inches. 

Sectional area of column, gross, 12".75 X 12".50 = 159.38 square 
inches. 
Oauged length, 50". 



I 

Applied loads. 


In gaii^red length. 












Remarks. 


Total. 


Per BQuare 
Inch. 


Compres- 
Rlon. 


Set. 




Pound*. 


Pound*. 


Inch. 


Inch. 




15.938 


100 


0. 


0. 


Initial load. Uwdefl with 12.(K)0 pounds before 
testing. 


23,907 


150 


.0016 


.0001 




31,876 


200 


.0028 


.0008 




39,846 


250 


.0039 


.0009 




47,814 


300 


.0050 


.0010 




65,783 


350 


.0069 


.0010 




63,752 


400 


.0070 


.0012 




71,721 


450 


.0080 


.0012 




79,690 


600 


.0090 


.0013 




87,659 


650 


.0100 


.0014 




95,628 


(K)0 


.0109 


.0016 


E (100-600) =2,660.000 pounds peraqnare inch. 




(iCO 


.0110 


.0016 


/ 


111,566 


700 


.0129 


- .0017 




127,504 


800 


.0147 


.0018 




148,442 


900 


.0165 


.0019 




159,880 


1,000 


.0185 


.0021 


E (600-1,000) = 2,867,000 pounds per square 
inch. 




600 


.0119 


.0020 


'''".''.'.'.'.'. 


600 


.0119 


.cKm 




175,818 


1,100 


.0200 


.0021 




191,25t5 


1,200 


.0221 


.0022 




207, IM 


1,300 


.0237 


.0026 




223.132 


1,400 


.0255 


.0026 




239,070 


1,500 


.0275 


.0028 


E (1.000-1,500) = 3,012.000 pounds per square 
inch. 




600 


.0128 


.0028 




600 


.0126 


.0029 




265,008 


1,600 


.0295 


.0037 




270,946 


1,700 


.0318 


.0040 


. 


286,884 


1,800 


.0340 


.0044 
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Applied loads. 


In gauged length. 


E (1,500-2,000) 
inch. 

Rerted 1 hour. 


Remarks. 
■-= 3,012,000 pounds per square 


Total. 


Per square 
Inch. 


Compres- 
sion. 


Set. 


Pounds. 
302,822 
318,760 


Pounds. 
1,900 
2,000 

GOO 
600 


Inch. 
.0365 
.0887 

.0154 
.0158 
.0151 
.0221 


Inch. 
.0051 
.0057 

.OO&l 
.0054 




600 
1,000 
1,500 
2,000 
1,500 
1.000 
600 
600 








.0304 
.03M 
.0819 
.0240 
.0170 



















nnAQ 




.0161 -onfi'2 









Measurements of longitudinal compression of column discontinued. 

Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at diflPerent places along 
its length. 



Applied loads. 



ToUl. 



■ Per square 
I Inch. 



In gauged length. 



Lateral 
expansion. 



Set. 



Pounds. 1 Pounds. \ Inch. 
At J diameter (8") from upper end 
100 ; 0. 
COO .0001 

1.000 1 .0008 
1,500 I .0005 



Inch. 
of column. 
0. 



Remarks. 



0. 



At i diameter (6") from upper end of column. 



100 

600 

1.000 

1.500 



.0001 
.0008 
.0006 



0. 



Initial load. 



Initial load. 



0. 



At I diameter (9") from upper end of column. 



100 

600 

1,000 

1,500 



0. 



Initial load. 



Initial load. 



.0006 
.0008 
At 1 diameter (12") from upper end of column, 
100 0. 0. 

COO .0001 

1,000 I .0003 ■ 

1,500 I .0007 0. 

At 2 diameters (24") from upper end of column 

100 I 0. 0. Initial load. 

600 .0008 

1,000 .0006 

1,500 I .0009 

At 3 diameters (36") from upper end of column. 



•I 



100 

600 ' .0008 

1.000 ! .0007 

1,500 I .0010 

At middle of height of column. 

100 I 0. 

600 .0003 

1,000 .0004 

1,500 , .0007 



.0001 



Initial load. 



InltUl load. 



Measurements of lateral expansion of column discontinued. 



582,000 



3,662 I I I intimate strength. 



A wedge-.shaped fragment, 3 feet long, developed at the lower end 
of the column. 

Longitudinal cracks extended to the middle of height of column. 
Sudden fracture. 
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No. 1684. 
il :2 mixture. 
Mortar column, plain, without rei^nforcing metal. 




Composition, by volume: Alpha cement, 1: sand, 2. 

Age, set in air, 6 months 3 days. 

Weight of column, total, 1,125 pounds. 

Weight of mortar, 1,125 pounds = 129.6 pounds per cubic foot. 

Height of column, 94.90 mches. 

Sectional area of column, gross, 12". 60 x 12". 54 — 158 square inches. 

Gauged length, 50". 



Appliec 


1 loads. 


In gauged length. 




' 






Remarks. 


Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 


• 


Pounds. 


Pounds. 


Inch. 


Inch. 




15,800 


100 


0. 


0. 


Initial kmd. Loaded with 12.000 pounds bt^- 
fore testing. 


23,700 


150 


.0008 


0. 




31.600 


200 


.0016 


0. 




39,500 


260 


.0025 


0. 




47,400 


300 


.0034 


0. 




55,300 


350 


.0043 


0. 




68,200 


400 


.0061 


0. 




71,100 


460 


.0060 


0. 




79,000 


500 


.0070 


0. 




86,900 


550 


.0079 


.0001 




94,800 , 


600 


.0087 


.0002 


E (100-«K)) =2,941.000 pounds per square inch. 




600 
600 

700 


.0087 
.0068 

.0106 


.0002 
.0002 

.0003 


Rested under Initial load 16 hours. 




110,600 


126,400 


800 


.0123 


.0001 




142,200 


900 


.0148 


.0008 




158,000 


1,000 


.0161 


.0009 


E (600-1,000) -2,985,000 pounds per square inch. 




600 
600 

1,100 


.0094 
.0094 

.0180 


.0009 
.0009 

.0012 






173,800 


189,600 


1,200 


.0200 


.0014 




205,400 


1,800 


.0221 


.0017 




221,200 


1,400 


.0240 


.0021 




237,000 


1,500 


.0260 


.0023 


E (1,000-1.GOO)«2,941,000 pounds per Miuare 
inch. 




600 
600 

1,600 


.0109 
.0108 

.0279 


.0028 
.0021 

.0025 




252,800 


268.600 


1.700 


.0300 


.0027 




284,400 


1.800 


.0320 


.0029 




800.200 


1,900 


.0341 


.0032 




316,000 


2,000 


.0861 


.0035 


E (1,500-2,000) =2.809,000 pounds per square 
inch. 



CONCRETE AND MORTAR COLJTMNS. 

No. 1684— Continued. 



301 



Applied loads. 




Per square 
Inch. 


Compres- 
sion. 


I'oujuis. 


Inch. 


600 


.0121 


600 


.0121 


2,300 


.0379 


2.200 


.04(M 


2,300 


.0427 


2,400 


.0468 


2.500 


.0479 


600 


.0144 


ftOO 


.0144 


600 


.0144 
.W19 


1,000 


2,000 


.0871 


2.. 500 


.0464 


2,000 


.0888 


1,000 


.0288 


600 


.0170 


600 


.0164 


1,000 


.0230 


1,600 


.0820 


2.000 


.0892 


2,600 


.0472 


2,000 


.0896 


1,600 


.0824 


1.000 


.0246 


600 


.0180 



In gaiiRed lengfth. 



Set. 



Inch. 
.0086 
.0035 

.0084 
.0039 
.0044 
.0049 
.0066 

.0065 
.0060 



Remarks. 



E (2.000-2.600) 
inch. 



32,661,000 pounds per square [ 



.0070 



Measurements of longitudinal compression of column discontinued. 
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Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at different places 
along its length. 



Applied loadH. 


In gauged length. 


RemarkH. 




Total. 

Poinuls. 
• Atldiam 


Per fKiuare 
inc^. 


Lateral 
expansion. 


Set. 

Inch. 
id of columi 
0. 


Pounds. 1 Inch. 
eter (12") from lower er 
100 1 0. 
GOO .0007 


Initial load. 










1,000 .0017 
1,600 .0080 
2,000 .0040 
1,500 .0039 
1,000 .0031 
600 0022 
























0004 




2,000 .0046 
2, 000 . 0046 


.0004 




1 At2diam 


eters (24") from lower end of column. 

100 0. 0. InitlKl IfHLd. 


1 


600 .0002 
1,000 .0007 
l,fiOO 1 .0010 
2.000 1 .0016 
l.fiOO .0010 
1,000 i .0007 

600 .0004 






1 






















0. 


At 8 diameters (36") from lower end of column. 
1 100 1 0. ' 0. ; TiiitUlloftd. 




600 
1,000 
1,500 
2,000 
1,600 
1,000 

600 


.0002 
.0006 
.0006 
.0012 
.0010 




























.0007 
.0002 






0. 


At4diam 


eters (at middle) from lower end of column. 

100 1 0. 10. 1 Initial load. 




600 
1,000 
1,500 
2,000 


.0008 
.0006 












.0009 
.0012 






0. 


At5diam 


eters (60") from lower end of column. 

100 1 0. 0. 1 Initial load. 






GOO 1 .0002 
1,000 .0006 
1,500 .0008 
2,000 .0010 






















0. 




At 6 diam 


eterB (72") from lower end of column. 

100 0. 10. Initial load. 






GOO 
1,000 
1,500 
2,000 


.0002 
.0005 
.0008 
.0010 




^initial load. 


















0. 
nd of colum 
0. 




At 7 diam 


eters (84") from lower ei 
100 0. 


I 




600 
1,000 
1,500 


0. 
.0002 
.0006 


1 












1 




2,000 .0008 


0. 




Measurein 
398,100 

396,000 


lents of latei 
2,488 

2,500 


■al expansion of column 


discontinued. 
Column failed upon reapplying this load 

Ultimate strength. The maximum stress 
reached on earlier loading. 






was 


1 

• 





Failed at end of column, detaching wedge-shaped fragment 24" 
long. 
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1:3 Mixture. 
Mortar column, plain, without reenforcing metal. 
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Composition, by volume: Alpha cement, 1: sand 3. 
A^e, set in air, 5 months 26 days. 
Weight of column, total, 1,080 pounds. 

Weiffht of mortar, 1,080 pounds= 125.7 pounds per cubic foot. 
Heignt of column 94.90 mches. 

Sectional area of column, gross, 12".58X12".4«= 156.37 sc|uare 
inches. 

Gauged length, 50". 



Applied loads. 
Total. r'^Jn"?)?*'*' 



In gauged length. 



Pound*. 
15,637 

31, -274 
89,008 
46.911 
54,730 
62,548 
70,367 
78,186 
86,004 
93,822 



109,159 
125,096 
140,738 
156,370 



172,007 
187,644 
203.281 
218,918 
234,555 



l*tmi\d9. 
100 

150 

200 
•250 

:«o 

850 
100 
450 
500 
550 



600 

700 

800 

900 

1,000 

600 
600 
600 
600 

1,100 
1,200 
1,300 
1,400 
1,500 

100 

600 

600 

600 

1,000 

1,600 

1,000 

600 

600 



CompreH- 
»Ion. 



Inch. 
0. 

.0008 
.0017 
.0028 
.0088 
.0047 
.0070 
.0078 
.0088 
.0097 
.0108 

.0107 



ln€h. 
0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0002 
.0003 
.0003 
.0008 

.0006 



KemarlcH. 



Initial load. Loaded with 15,000 pounds be- | 
fore teeting. 



E ( 100-600) s2,881, 000 pounds i>er Hquare inch 



.0129 
.0150 
.0174 
.0195 


.0006 
.0006 
.0009 
.0018 


.0126 
.0120 
.0120 
.0180 


.0014 
.0014 
.0016 
.0014 


.0216 
.0240 
.0209 
.0298 
.0830 


.0014 
.0017 
.0022 
.0029 
.0036 


.0096 
.0096 
.0096 


0. 
0. 
0. 


.0186 




.0310 




.0206 




.0121 
.0106 


.0009 
.0009 



£ (600-1,000) 
inch. 



> 2,697,000 pounds per f«quare 



Micrometer removed, returned and reset at 
zero. 
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Measurements of longitudinal compression of column discontinued. 
Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, at different places along its length. 



Applied loadH. I In gauged length. 
Per sqmire Lateral 



ToUl 



^qniii 
iich. 



inc 



expansion. 



Set. 



Remarks. 



Pouii(i«. PmiiuU. Inch. \ Inch. 

At one end of 50^' longitudinal gauged length! 

'^ Initial load. 



100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

beight ( 

100 

200 

400 

600 

800 

1,000 

1,200 

1,200 



0. 

0. 
.0001 
.0002 
.0003 
.0006 
.0007 
.0010 
column. 

0. 

0. 

0. 

.0001 
.0002 
.0008 
.0004 
.0004 


0. 












0. 
0. 










-.0001 
-.0001 



Initial load. 



At other end of 50" longitudinal gauged length. 



100 
200 
400 
600 
800 
1,000 
1,200 



0. 

0. 

0. 
.0001 
.0008 
.0004 
.0006 



Measurements of lateral expansion of column discontinued. 
322,600 2,062 I | Ultimate strength. 



Failed at a place 82" from upper end of column 
Op^^^ftd an oblique crack. 



OONOBETE AND MOBTAB 0OLUMK8. 

No. 1681. 
1:8 mixture. 
Mortar column, plain, without reinforcing metal. 



ao5 






fz'se 



Composition, by volume: Alpha cement, 1; sand, 3. 
Aepe, set in air, 5 months 27 days. 
Weight of column, total, 1,097 pounds. 



cubic foot. 



Weight of mortar, 1,097 pounds = 127.1 pounds per < 
Height of column, 94.90 inches. 
Sectional area of column, gross, 12". 61 X 12". 66 = 167.13 square 
inches. 
Gauged length, 60". 



Applied loadii. 


In goaded length. 


Remarlu. 










Total. 


Per square 
inch. 


Compren- 
sion. 


Set. 




Pmind». 


Potmdt. 


Inch. 


Inch, 




16,718 


100 


0. 


0. 


Initial load. Loaded with 11,000 poundH be- 
fore testing. 


28,570 


160 


.0010 


.0001 




81,426 


200 


.0028 


.0002 




89,288 


250 


.0084 


.0008 




47,189 


800 


.0044 


.0004 




64,996 


850 


.0056 


.0005 




62,862 


400 


.0068 


.0005 




70.709 


450 


.0078 


.0006 




78,565 


500 


.0089 


.0007 




86,422 


560 


.0100 


.0007 




94,278 


600 


.0111 


.0006 


£ (100-600) » 2,427,000 pounds per square inch. 




600 
700 


.0111 
.0181 


.0009 
.0009 




109,991 


125,704 


800 


.0165 


.OOU 




141.417 


900 


.0178 


.0012 




167.180 


1.000 


.0201 


.0017 


£ (600-1,000)- 2,409,000 poundH per Hqiiare inch. 




600 
600 

1,100 


.0124 
.0125 

.0228 


.0018 
.0019 

.0024 






172,848 


188,666 


1,200 


.0268 


.0027 




204,260 


1,800 


.0280 


.0081 




219,982 


1,400 


.0905 


.0035 




286,695 


1,600 


.0885 


.0041 


£ (1.000-1,500) -2.278,000poundsperiquareinch. 




600 


.0160 


.0041 






600 
1,600 


.0148 
.0668 


.0041 
.0047 




251,406 


267,121 


1,700 


.0886 


.0058 




282,884 


1,800 


.0427 


.0062 


/ 



H. Doc. 22, 69-1 ^20 
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OONORETE AND MOBTAR COLUMNS. 
No. 1681— Continued. 



Applied loads. 


In gauged length. 


Remarks. 


Total. 


Per flouare 
inch. 


Compres- 
sion. 


Set. 


Poundi. 


Poundt. 
000 
600 
600 

l.OOO 
1,600 
1,000 

600 
600 

1,000 
1500 
1,000 

600 
600 
600 
600 

1,000 
1,000 
1.000 
1,500 
1,500 
1,500 
1,500 
1,500 


Inch, 
.0167 
.0168 
.0166 

.0261 
.0^ 
.p270 

.0187 
.0170 

.0256 
.0009 
.0276 

.0105 
.0178 
.0178 
.0178 

.0262 
.0261 
.0268 
.0872 
.0874 
.0875 
.0877 
.0877 


Inch. 
.0050 
.0050 


Rested under initial load 16 houn. 




















/ .0068 
t .0066 


















.0076 
.0071 
.0071 
.0071 

.0071 
.0071 
.0071 
.0074 
.0076 
.0077 
.0078 
.0079 




















f 




1 




J 




■ 



Measurements of longitudinal compression of column discontinued. 
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Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" eacn, established at different places along 
its length. 



Applied loads. 



Total. 



Per square 
Inch. 



In gauged length. 



Lateral 
expansion. 



Set 



Remarks. 



Pounds. Pound$. Inch. Inch. 

At one end of 60^' longitudinal gauged length. 



100 


0. 


000 


.0004 


1,000 




1,500 


.0009 


1,000 


.0007 


eoo 


.0004 


eight oi 


column. 


100 


0. 


600 


.0004 


1,000 


.0007 


1,500 


.0010 


1,000 


.0008 


000 


.0006- 



At other end of SO* longitudinal gauged length. 



100 


0. 


600 


.0002 


1,000 


.0004 


1.500 


.0008- 


1,000 


.0005 


600 


.0002 



0. 



0. 



Initial load. 



Initial load. 



At 1 diameter (12") from lower end of column 



100 

600 ! 

1.000 I 

1,500 ' 

1,000 I 

600 



.0001 + 

.0005 

.0008 

.0006 

.0005 



0. 



.0001- 



At i diameter (6") from lower end of column, 



100 

600 

1.000 

1,500 

1,000 



). 

.0001+ 


0. 


.0004 




.0009 




.0005 




.0002 


6. 



At i diameter (3") from lower end of column. 



100 

600 

1,000 

1,500 

1,000 

600 



.0001- 
.0008- 
.0005 
.0008 



Initial load. 



Initial load. 



Initial load. 



Initial load. 



Measurements of lateral expansion of column diwontinued. 
428,000 I 2,692 L... I I Ultimate strength. 



A wedge-shaped fragment 39" long developed at the lower end of 
the column. • A central longitudinal crack extended from the wedge- 
shaped piece to the middle of the length of the column, where trans- 
verse fractures detached ^e lower fragments, leaving the upper half 
of the column intact. 



808 OONOBETE AND MOBTAB 0OLUMN8. 

No. 1679. 

• 1 :4r mixture/ 
Mortar column, plain, without reinforcing metal. 




Composition, by volume: Alpha cement, 1; sand, 4. 

Age, set in air, 5 months 21 days. 

Weight of column, total, 1,052 pounds. 

Weiffht of mortar, 1,062 pound8=122.9 pounds per cubic foot. 

Heignt of column, 94.85 mches. 

Sectional area of column, gross, 12".44xl2".54=156 square inches. 

Gauged length, 60". 



Applied loadfl. 


In gauged length. 


Remarks. 










Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 




Pounds. 


Pounds. 


Inch. 


Inch. 




16,600 


100 


0. 


0. 


Initial load. Loaded with 13.000 pounds be- 
fore testing. 


28,400 


150 


.0017 


. .0004 




81,200 


200 


.0083 


.0005 




89,000 


250 


.0045 


.0006 




46,800 


800 


.0060 


.0008 




54,600 


850 


.0076 


.0009 




62,400 


400 


.0090 


.0011 


Rested under initial load 1 hour. Change in 
temperature. 


70,200 


450 


.0109 


.0017 




78.000 


600 


.0128 


.0019 




85,800 


660 


.0142 


,0021 




98.600 


600 


.0166 


.0024 


E ( 100-600) -1,866.000 pounds per square inch. 




600 
660 


.0160 
.0176 


.0024 
.0025 




101,400 


109,200 


700 


.0196 


.0029 




117,000 


750 


.0209 


.0031 




124,800 


800 


.0227 


.0036 




182,600 


850 


.0244 


.0038 




140.400 


900 


.0266 


.0042 




148,200 


960 


.0289 


.0048 




166,000 


1,000 


.0815 


.0058 


E (600-1,000) -1.626,000 pounds per square inch. 




600 
600 


0202 
.0201 


.0066 
.0066 









Measurements of longitudinal compression of column discontinued, 
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Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at different places along 
its length: 



AppUed loadii. 


In gauged length. 


Remarkii. 


Total. 


Per equare 
inch. 


Lateral 
expanidon. 

IndL 
ritudinalga 

0. 

0. 

.0001 
.0008 
.0006 
.0007 
' column. 

0. 

0. 

.0008 
.0004 
.0006 
.0009 
.0009 


Set. 

Inch. 
aged length 
0. 


Pounds, 
At one en 


Pounds. 

dof60"lonf 

100 

200 

400 

600 

800 

1,000 

of heigfat o 

200 
400 
600 
800 
1.000 
1.000 


Initial load. 
Initial load 
















"AtmiddU 


6. 
0. 


















.0001 
.0001 




At other end of 60'' lo'ngltudUnal gauged length 
1 100 1 0. 1 0. 1 Initial load. 


:.::::.::.:: 


200 
400 
600 
800 
1,000 
1,000 


0. 
.0001 
.0008 
.0006 
.0007 
.0007 




















0. 
0. 




Heasuren 
244,000 


lenta of latei 
1,S64 


ral expansio 


n of column 


discontinued. 
Ultimate strength. 



Oblique fracture, 28" from lower end of column. 



310 OONCRKTE AKD MO&TAtt OOLUlClW. 

No. 1685. 
1:4 mixture. 
Mortar column, plain, without reinforcing metal. 




Composition, by volume: Alpha cement, 1; sand, 4. 
A|^e, set in air, 6 months 9 days, 
weight of columm, total, 1,060 pounds. 

Weiffht of mortar, 1,060 pounds =122. 3 pounds per cubic foot. 
Hei^t of column, 96 inches. 

Sectional area of column, gross, 12".57 X 12".55= 157.75 square 
inches. 
Gauged length, 50". 



Applied loads. 


In gauged length. 












Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 




Pounds. 


Poundt. 


Inch. 


Inch. 




15,775 


100 


0. 


0. 


Initial load. Loaded with 10,000 pounds 
before testing. 


28,662 


150 


.0018 


0. 




81,550 


200 




0. 




89.488 


250 


.0042 


.0001 




47,825 


300 


.0068 


.0002 




55,213 


860 


.0074 


.0008 




68,100 


400 


.0090 


.0006 




70,968 


450 


.0104 


.0006 


1 


78,875 


600 


.0121 


.0011 




86,768 


560 


.0138 


.0018 




94,660 


600 


.0155 


.0016 


£ (100-600) =1,799,000 pounds per square inch. 




600 
660 


.0158 
.0176 


.0017 
.0020 




102,588 


110,426 


700 


.0191 


.0023 




118,818 


760 


.0212 


.0029 




126,200 


800 


.0281 


.0068 




184,068 


860 


.0262 


.0088 




141,975 


900* 


.0275 


.0044 




149,868 


960 


.0298 


.0049 




157,750 


1,000 


.0325 


.0066 


E (600-1,000) »1,588,000 pounds per square inch. 




600 
600 


.0206 
.0206 


.0055 
.0056 
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Measurements of longitudinal compression of column discontinued. 

Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at different places along 
its length. 



Applied loads. 



Total. 



Per square 
inch. 



In gauged length. 



Lateral 
expansion. 



Set. 



Remarks. 



PountU, Pounds. ! Inch. Inch. 

At 1 diameter (12^) from lower end of column. 



100 
200 
400 
600 
800 
1,000 
800 
000 
400 
200 


0. 
.0002 
.0006 
.0006 
.0010 
.0015 
.0012 
.0010 
.0007 
.0008 


0. 
















. 5. _ 



Initial load. 



At 2 diameters (24^) from lower end of column 



10(J 
200 
400 
600 
800 
1.000 



0. 

0. 
.0008 
.0005 

.0007 
.0009 



0. 



0. 



Initial load. 



At 8 diameters (86^^ from lower epd of column. 



100 
200 
400 
600 
800 
1,000 



0. 

0. 
.0008 
.0005 
.0008 
.0011 



Initial load. 



At 4 diameters (at middle) from lower end of column. 



100 
200 
400 
600 
800 
1,000 


6. 

0. 
.0002 
.0004 
.0006 
.0010 


0. 








6. 



Initial load. 



At 5 diameters (60''} from lower end of column. 



100 
200 
400 
600 
800 
1.000 



0. 

0. 
.0002 
.0005 
.0007 
.0009 



Initial load. 



0. 



At 6 diameters (72*) from lower end of column. 



106 


0. 


200 


0. 


400 


.0008 


600 


.0006 


800 


.0008 


1,000 


.0011 



0. 



0. 



Initial load. 



At 7 diameters (84^0 from lower end of column. 



106 
200 
400 
600 
800 
1,000 
1,000 



.0002 

.0005 

.0007 

.0010 

.0014 

.0014 

Measurements of lateral expansion of column discontinued. 
282,100 I 1,471 I I I Ultimate strength. 



0. 



InitUl load. 



Failed at lower end of column. 

Oblique crack 1 foot to 3 feet from end of column. 
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OONOBETE AND MORTAR COLUMNS. 
No. 1686. 



1:6 mixture. 

Mortar column, plain, without reinforcing metal. 




Composition, by volume: Alpha cement, 1: sand, 5. 

Aee, set in air, 6 months 9 days. 

Weight of column, total, 1,034 pounds. 

Weight of mortar, 1,034 pounds= 119.7 pounds per cubic foot. 

Heignt of column, 95.05 inches. 

Sectional area of column, gross, 1 2". 50 X 12". 56 =157 square inches. 

Gauged length, 60". 



Applied loads. 


In gauged length. 


Remarks. 










Total. 


Per ■quare 
incn. 


Compree- 
Blon. 


Set. 




Pwtndt. 


Patmd9. 


Ineh. 


Inch, 




16,700 


IW 


0. 


0. 


InltUl load. Loaded with 10,000 pounds before 


23.660 


160 


.0014 


.0002 




81,400 


200 


.0081 


.0004 




89.260 


260 


.0050 


.0006 




47.100 


800 


.0060 


.0009 




64,960 


860 


.0090 


.0012 




62,800 


400 


.0109 


.0016 




70,660 


450 


.0180 


.0018 




78,600 


600 


.0165 


.0024 




86.850 


660 


.0180 


.0080 




94,200 


600 


.0206 


.0087 


E (100-600)— 1,479,000 pounds per square inch. 




600 
000 


.0212 
.0216 


.0041 
.OOtf 









Measurements of longitudinal compression of column discontinued. 
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Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at different places along 
its length. 



Applied loads. 



Total. 



Per square 
inch. 



In ganged length. 



Lateral 
expansion. 



Set. 



Remarks. 



Foundt. PouwU. Inch. Inch. 

At 1 diameter (12^') from lower end of column. 



^ 105 

200 
400 
600 
400 
200 
600 


0. 
.0002 
.0006 
.0010 
.0007 
.0004 
.0010 


0. 








.0001 
.0002 



Initial load. 



At 2 diametexB (24") from lower end of column. 



100 
200 
400 
600 



0. 
.0001 
.0005 
.0009 



Initial load. 



At 8 diameteis (86") from lower end of column 



100 
200 
400 
600 



0. 

0. 

.0002 
.0005 



0. 



0. 



At 4 diameters (at middle) from lower end of 



Initial load. 



100 
200 
400 
600 



5. 
.0001 
.0008 
.0005 



column. 
Initial load. 



0. 



At 5 diameters (60") from lower end of column. 



100 
200 
400 
600 



0. 
.0002 
.0005 
.0007 



0. 



0. 



Initial load. 



At 6 diameters (72") from lower end of column. 



100 
200 
400 
600 



.0001 
.0008 
.0005 



0. 



Initial load. 



At 7 diameters (84") from lower end of column. 



100 
200 
400 
600 



0. 
.0001 
.0008 
.0005 



Measuraments of lateral expansion of column 
168,000 I 1,088 I I 



Initial load. 



discontinued. 

I Ultimate strength. 



Column failed with oblique fractures between 2 and 3 feet from 
lower end of column. 
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COKGRETE AND MOBTAB COLUMNS. 
No. 1687. 



1:5 mixture. 

Mortar column, plain, without reinforcing metal. 




Composition, by volume: Alpha cement, 1; sand, 5. 
Age, set in air, 6 months 18 days. 
Weight of column, total, 1,050 pounds. 

Weieht of mortar, 1,050 pound8=120.1 pounds per cubic foot. 
Heignt of column, 95.10 inches. 

Sectional area of column, gross, 12".67xl2".53=158.76 square 
inches. 
Gauged length, 50". 



Applied loads. 


In gauged length. 


1 
Remarks. 










Total. 


Pertqnaie 
inch. 


GompreA- 
sion. 


Set. 
Inch. 


: 


Pounda. 


PoufuU. 


Inch. 




16,876 


100 


0. 


0. 


Initial load. Loaded with 10,000 pounds before 
tarting. 


28.814 


160 


.0018 


0. 




81,782 


200 


.0029 


0. 




80,090 


260 


.0044 


.0001 




47;«28 


800 


.0000 


.0008 




66,686 


860 


.0080 


.0006 




88604 


400 


.0098 


.0006 




71.442 


460 


.0118 


.0009 




79,880 


600 


.0141 


.0014 




87,818 


660 


.0164 


.0018 




06,268 


000 


.0188 


.0024 


E (100-600) =1,624.000 pooiids per square inch. 




600 


.0194 


.0027 







Measurements of longitudinal compi*ession of column discontinued. 
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Observations on the lateral expansion of the column made on trans: 
verse gauged lengths, of 10" each, established at different places along 
its length. 



Applied loadH. 
Total. 



Per square 
inch. 



In gauged length. 



Lateral 
expansion. 



Pounds. Pounds, Inch. Inch. 

At 1 diameter (12") from lower end of column. 



Bet. 



Remarks. 



100 
200 
400 
600 
000 



.0002 
.0005 
.0008 

.0006 



.0001 
.0001 



IniUal load. 



At 2 diameters (24") horn lower end of column, 



100 
200 
400 
000 



0. 

0. 

.0002 
.0006 



0. 



0. 



Initial load. 



At 3 diameters (96") from lower end of column, 



100 
200 
400 
600 



0. 



.0001- 
.0005 
.0008 



0. 



Initial load. 



At 4 diameters (at middle) from lower end of column 



100 
200 
400 
600 



0. 
.0001 
.0008 
.0005 



Initial load. 



At 5 diameters (60") from lower end of column. 



100 
200 
400 
600 



0. 

0. 

.0002 
.0004 



0. 



Initial load. 



At 6 diameters (72") from lower end of column, 



100 
200 
400 
600 



.0001 
.0008 
.0005 



Initial load. 



At 7 diameters (84") from lower end of column. 



100 I 0. 0. Initial load. 

200 0. 

400 ' .0002 

600 : .0006 0. 

Measurements of lateral expansion of column discontinued. 
171,800 I 1,082 I I I Ultimate strength. 



Column failed near middle of its height, the principal fracture being 
located 42" from lower end. 
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COKOBETE AND MOttTAR COLtflCKS. 
No. 1673. 



1:2 mixture. 

Mortar column, reinforced with 8 twisted steel bars, each 96 inches 
long- 




12:38 



Composition, by volume: Alpha cement, 1; sand, 2. 
Affe, set in air, 6 months 10 days. 
Weight of column, total, 1,200 pounds. 

Weight of mortar, 1,079 pounds =127. 7 pounds per cubic foot. 
Weight of steel bars, 121 pounds. 
Height of column, 95 inches. 

Sectional area of column, noss, 12". 58 X 12". 57 =158. 13 sq uare inches. 
Sectional area of steel bars, ".75 X ".75= a ".5626x8=4.5 square 
inches. 
Gauged length, 50". 



Applied loads. 


In gauged length. 


Remarks. 


Total. 


Per 80 uare 
inch. 


CompreB- 
sion. 


Set. 


Pounds. 
16,818 

28,720 
81,626 
89.688 
47 480 
66,846 
88 262 
71,169 
79,066 
86,972 
94,878 


Pounds. 
100 

150 
200 
250 
800 
860 
400 
460 
500 
550 
600 
600 
700 
800 
900 
1,000 

600 
600 

1,100 
1,200 
1,800 
1,400 
1,600 

600 
600 


Inch. 
0. 

.0018 
.0022 
.0084 
.0046 
.0068 
.0069 
.0062 
.0094 
.0106 
.0118 
.0119 
.0140 
.0162 
.0184 
.0204 

.0180 
.0180 

.0226 
.0247 
.0266 
.0283 
.0606 

.0141 
.0140 


Inch. 
0. 

.0001 
.0008 
.0006 
.0006 
.0006 
.0007 
.0008 
.0009 
.0010 
.0010 
.0011 
.0012 
.0018 
.0015 
.0016 

.0016 
.0017 

.0019 
.0020 
.0021 
.0028 
.0026 

.0024 
.0026 


Initial load. lioaded with 11,000 poundn be- 
fore testing. 

E (100-600) -2,816,000 pounds per square inch. 

E (600-1,000) -2,600,000 pounds per square 
inch. 

B (1,000-1.600) -2,688,000 pounds per square 


110,691 
126,604 
142,817 
168.180 




178,948 
189,766 

221,' 882 
287.196 
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No. 167a~Continued. 
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AppUed loub. 


In gauged length. 


Remarks. 


Total. 


Pereqnare 
inch. 


GomproA- 
sion. 


set. 


268,008 
268,821 
284,684 
900,447 
816,260 


Poundt. 
1,600 
1,700 
1.800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2,800 
2,400 
2,600 

600 
600 

2,600 
2,700 
2,800 
2,900 
8,000 

600 
600 

8,100 
8,200 
8,800 
8,400 
8,600 

600 
600 

8,600 
8,700 
8,800 
8,900 
4,000 

600 
600 

4,100 
4.200 


Inch. 
.0826 
.0844 
.0364 
.0886 
.0404 

.0163 
.0168 

.0424 
.0446 
.0466 
.0486 
.0608 

.0166 
.0166 

.0680 
.0661 
.0674 
.0698 
.0622 

.0180 
.0180 

.0661 
.0679 
.0702 
.0780 
.0762 

.0210 
.0206 

.0798 
.0680 
.0871 
.0910 
.0962 

.0270 
.0268 

.0997 


Inch. 
.0026 
.0028 
.0080 
.0082 
.0084 

.0064 
.0084 

.0086 

.0088 
.0040 
.0040 
.0044 

.0042 
.0048 

.0046 
.0047 
.0060 
.0068 
.0066 

.0068 
.0063 

.0066 
.0061 
.0064 
.0071 
.0074 

.0078 
.0078 

.0060 
.0066 
.0099 

.0106 
.0124 

.0121 
.0119 

.0143 


£ (1,600-2,000) —2,809,000 pounds per square 
inch. 

B (2,000-2,600) - 2,660,000 pounds per square 
inch. 

! 

£ (2,60(^^000) -2,427,000 pounds per square 
inch. 1 




882,078 
847,886 
868,609 
879,612 
896,826 




411,188 
426,961 
442,764 
468,677 
474,890 






490,208 
606,016 
621,829 
687,642 
668,466 


£ (8,000-8,600) - 2,066,000 pounds p«r square 
inch. 

£ (8^00-4.000) - 1,786,000 pounds per square 
Ultimate strength. 




609,268 
686,081 
600,804 
616.707 
682,620 




648,888 
664,146 







The maximum load was sustained momentarily, the mortar then 
cracked, a pyramidal fracture developing at the upper end of the 
column, and longitudinal lines of fractures extended from this end to the 
middle of its height. Three twisted bars bent outward at a distance 
of 9" from the upper end and one bar at a distance of 20". The inner 
group of four bars buckled at a distance of about 12" to 14" from the 
upper end. 
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OOKOBETB AND MOBTAB 0OLUI1N8. 



No. 1690. 
1 : 3 mixture. 

Mortar column, reinforced with 8 twisted steel bari, each 95.45 
inches long. 




Composition, by volume: Alpha cement, 1; sand, 3, 
Age, set in air, 7 months 21 days. 
Weight of column, total, 1,181 pounds. 

Weight of mortar, 1,060 pounds =125.9 pounds per cubic foot. 
Weiffht of steel bars, 121 pounds. 
Heignt of column, 95.45 inches. 

Sectional area of column, gross, 12".51x 12". 55 = 157 square inches. 
Sectional area of steel bars, ".75x ".75= n".5625x 8=4.5 square 
inches. 
Gauged length, 50". 



AppUw 


lIoadH. 


In gauged length. 








Kt^markH. 


Total. 


PersquAre 
Inch. 

Pounds. 


Gompies- 
liion. 


Set. 
Inch. 




Pwmds. 


Inch. 




15,700 


100 


0. 


0. 


Initial load. Loadwl with 14,000 pounds be- 
fore testing. 


28,560 


160 


.0010 


0. 


81,400 


200 


.0021 


.0001 




89,260 


260 


.0088 


.0008 




47,100 


900 


.0044 


.0008 




64,060 


860 


.0058 


.0004 




62,800 


400 


.0071 


.0005 




70,660 


460 


.0068 


.0007 




78,600 


600 


.0006 


.0006 




66,850 


560 


.0108 


.0008 




M,200 


600 
600 
700 


.0120 
.0120 
.0143 


.0009 
.0009 
.0010 


E ( 100-600) »2.252,000 pounds per nquare Inch. 


'"'169,966" 




126,600 


800 


.0167 


.0011 




141,800 


900 


.0189 


.0018 




167,000 


1,000 


.0211 


.0014 


E (600-1,000) »2,826,U00 pounds per square inch. 




600 

600 

1,100 


.0130 
.0130 

.0282 


.0014 
.0014 

.0016 






172,700 


188,400 


1,200 


.0258 


.0016 




904,100 


1,800 


.0275 


.0018 




219,800 


1,400 


.0298 


.0020 




285 600 


1,600 


.0820 


.0021 


£(1.000-1.600) -2,451,000poimd« per aquaie Inch. 




600 


.0141 


.0021 






600 


.0141 


.0021 







CONCRETE AND MOBTAB COLUMNS. 
No. 1690— Continued. 
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Applied loads. 



Total. 



Pounds. 
251.200 
266,900 
282,600 
298,900 
814,000 



829,700 
845,400 
861,100 
876,800 
892,500 



406,200 



Per Bquare 
inch. 



Pounds. 
1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2.800 
2.400 
2,600 

600 
600 

2.600 



In gauged length. 



CompreH- 
sion. 



Inch, 
.0343 
.0864 
.0388 
.0411 
.0433 

.0156 
.0153 

.0458 
.0480 
.0605 
.0584 
.0661 

.0178 
.0178 



Inch. 
.0025 
.0027 
.0030 
.0032 
.0085 

.0034 
.0035 

.0068 
.0040 
.0(M4 
.0047 
.0050 

.0060 
.0060 

.0055 



Remarks. 



£ ( 1 ,500-2,000) »^,685.000poundB per square inch . 



£(2,000-2,500) =2.212.000pound8 per square inch. 



Measurements of longitudinal compression of column discontinued. 
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CONCRETE AND MOBTAB COLUMNS. 



Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at different places 
along its length. 



Applied loada. 



Total. 



Per square 
inch. 



In gauged length. 



Lateral ex- 
pansion. 



P&undt. Pounds. Inch. Inch. 

At 1 diameter (12^) from lower end of column. 



Set 



Remarks. 



100 
200 


0. 

0. 
.0002 
.0003 
.0006 
.0006 
.0010 
.0014 
.0010 
.0006 
.0006 
.0003 
.0002 


0. 


400 

600 

800 

1,000 

1,500 

2,000 

1,600 

1,000 

600 

400 

200 






















.666i 



Initial load. 



At 2 diameters (24'') from lower end of column. 



At 3 diameters ( 



106 
400 
600 
1,000 
1,600 
2,000 
1,000 



0. 
.0001 


0. 


.0008 




.0006 




.0010 




.0018 




.0007 


6. 



Initial load. 



10 

400 

600 

1,000 

1,500 

2,000 



) from lower end of column. 



At middle of height of column, 



J 



100 

400 

600 

1,000 

1,600 

2,000 



0. 
.0001 


0. 


• 0008 




.0006 




.0006 




.0012 
lumn. 
0. 
0. 
0. 


0. 
0. 


.0002 




.0006 




.0009 


.6661 



Initial load. 



Initial load. 



At 6 diameten (60^) from lower end of column. 



lod 

400 


0. 
.0001 
.0002 
.0006 

.0007 
.0011 


0. 


600 




1,000 
1,600 






2. «» . 


6. 



Initial load. 



At 6 diameters (72^) from lower end of column. 



lod 


0. 


400 


0. 


600 


0. 


1.000 


.0001 


1.600 


.0004 


2,000 


.0006 



Initial load. 



0. 



At 7 diameters (84^^ from lower end of column. 



400 

600 

1,000 

1,500 

2,000 



0. 

0. 

0. 

.0002 
.0004 
.0006 



Initial load. 



Measurements of lateral expansion of column discontinued. 

528,000 i>ounds= 8,331 pounds per square inch applied and released 
to the initial load, after which the column rested 16 hours, when 
observations were resumed on longitudinal compression. 



CONCRETE AND MORTAR COLUMNS. 821 

Original gauged length of 50" used, resetting the micrometer at zero. 



Applied loads. 


In gauged length. 


Remarks. 


Total. 


Per square 
Incn. 


Compres- 
sion. 


Set. 


Ftmndt. 
15,700 


Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

8,000 

2,800 

2,600 

2,400 

2,200 

2,000 

1.800 

1,600 

1,400 

1,200 

1,000 

800 

600 

400 

200 

3,841 


Inch. 

0. 

.0022 
.0079 
.0187 
.0190 
.0282 
.0285 
.0327 
.0868 
.0409 
.0450 
.0494 
.0534 
.0576 
.0616 
.0663 
.0687 
.0606 
.0571 
.0538 
.0503 
.0466 
.0428 
.0887 
.0847 
.0300 
.0248 
.0188 
.0120 

.0058 


Inch. 
0. 


Initial load. 

Set after resting 6 minutes. 
Ultimate strength. 
















.6663 


















.0007 








408,200 
489,600 
471,000 




























































r .0628 
\ . 0019 


603,000 


A 





Column failed 1 foot from the upper end. 
at the time of reaching the maximum load. 

H. Doc. 22, 59-1 21 



Reinforcing bars buckled 
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OOKOBETE Ain> MOBTAB OOLUlOrS. 
No. 1691. 



1:4 mixture. 

Mortar column, reinforced with 8 twisted steel bars, each 95.10 
inches long. 




-izsa 



Composition, by volume: Alpha cement, 1; sand, 4. 

Affe, set in air, 7 months 25 days. 

Weight of column, total, 1,163 pounds. 

Weight of mortar, 1,042 pound8= 123.9 pounds per cubic foot. 

Weight of steel bars, 121 pounds. 

Hei^t of column, 95.10 inches. 

Sectional area of column, gross, 12".50 x 12".58=157.25 square 
inches. 

Sectional area of steel bars, ".75 x ".75=D".5625 2t 8=4.5 square 
inches. 

Gauged length, 50". 



Applied loads. 


In ganged length. 


Remarks. 










Total. 


Per square 
incli. 


Compres- 
sion. 


Set. 




Poundt. 


Pminda. 


Inch. 


Inch. 




16,725 


100 


0. 


0. 


Initial load. Loaded with 15,000 pounds before 
testing. 


28.688 


160 


.0014 


.0001 




31,460 


200 


.0060 


.0UU2 




89,818 


260 


.0060 


.0004 




47,176 


800 


.0009 


.0006 




66.068 


860 


.0088 


.0007 




02.900 


400 


.0104 


.0006 




70,768 


460 


.0122 


.0008 




78.626 


600 


.0188 


.0009 




86,488 


660 


.0165 


.0010 




94.860 


600 
600 
700 


.0169 
.0172 
.0198 


.0010 
.0011 
.0011 


E (100-600) -1.672,000 pounds per square inch. 


'"iio.'oTi" 




126.800 


800 


.0228 


.0012 




141,626 


900 


.0248 


.0016 




167,280 


1.000 


.0272 


.0016 


£ (600-1,000) -2.041.000poundsper8quare inch. 




600 
600 

1,100 


.0188 
.0188 

.0296 


.0016 
.0014 

.0015 






172.976 


188,700 


1,200 


.0620 


.0017 


Rested under initial load 40 hours, at the end 
of this time the micrometer showed an ap- 
parent set of ^0017 In a minus direction, an 
effect attributed to temperature changes. 
Micrometer reset at ''.0017, in a plus direc- 


















tion. 
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Applied loads. 



Total. 



Perwmare 
inch. 



In gauged length. 



Compres- 
sion. 



Bet. 



Remarks. 



Pounds. 
204,425 
220.160 
285,876 



251,600 
267.825 
283,060 
288,776 
814,500 



380,225 
345,950 
861,675 
877,400 
888,125 



Pounds. 
1,800 
1.400 
1,500 

600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 

•2,100 
2.200 
2,800 
2,400 
2,500 

600 
600 

200 

400 

600 

800 

1.000 

1,200 

1,400 

1,600 

1.800 

2,000 

1,800 

1.600 

1,400 

1,200 

1,000 

800 

600 

400 

200 



Inch. 
.0850 
.0874 
.0895 

.0209 
.0209 

.0424 
.0447 
.0478 
.0499 
.0525 



.0647 
.0678 
.0606 
.0685 
.0665 

.0241 
.0241 

.0079 
.0164 
.0240 
.0298 
.0848 
.0896 
.0440 
.0480 
.0524 
.0566 
.0685 
.0497 
.0458 
.0419 
.0875 
.0824 
.0266 
.0180 
.0091 



Indi. 
.0025 
.0027 
.0029 

.0028 
.0039 

.0081 
.0062 
.0085 
.0089 
.0040 

.0040 
.0040 

.0040 
.0048 
.0045 
.0046 
.0060 

.0046. 
.0046 



E (1,000-1,500) = 
inch. 



>2,294.000 poands per square 



E (1.500-2,000) -2.101,000 pounds per square 
inch. 



E (2,000-2,500)= 
inch. 



1.923,000 pounds per square 



.0062 



Measurements of longitudinal compression of column discontinued. 
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CONCRETE AND MOBTAB COLUMNS. 



Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at different places along 
its length. 



Applied loads. 



Total. 



Per square 
inch. 



In gauged length. 



Lateral 
expansion. 



Pounds. Pounds. Inch. Inch. 

At 1 diameter (12^0 from lower end of column 



Set. 



Remarks. 



100 

400 

600 

1,000 

1,500 

2,000 

1,500 

1,000 

600 

400 



0. 

—.0001 
0. 
.0005 

.0015 
.0022 
.0019 
.0009 
.0002 
0. 



0. 



InitUl load. 



At 2 diameters (24^J from lower end of column. 



:i 



106 


0. 


400 


.0004 


600 


.0008 


1,000 


.0014 


1.500 


.0020 


2,000 


.0026 


1,500 


.0021 


1,000 


.0015 


600 


.0009 


400 


.0004 



0. 



Initial load. 



At 3 diameters (86^ from lower end of column. 





lOd 

400 

600 

1,000 

1,500 

2,000 

1,500 

1,000 

600 

400 

) of height 

400 

600 

1,000 

1,500 

2,000 

1,500 

1,000 

600 

400 

eters (60") f 

100 


0. 
0. 
—.0002 
0. 
.0006 
.0010 
.0006 
.0002 
—.0001 


0. 


Initial load. 




1 






Initial load. 

a. 
luitial load. 


























:"'Atmiddi 


—.0001 
f column. 
0. 

.0001 
.0004 
.0007 
.0011 


0. 
0. 




















.0016 
.0012 
.0008 
.0005 
.0002 
rom lower e 

0. 

.0002 
.0004 
.0006 
.0010 
.0015 
.0011 
.0008 
.0005 
.0008 
rem lower e 

0. 

0. 

-.0001 
.0002 
.0006 
.0009 
.0006 
.0003 

0. 

-.0001 














0. 
nd of colum 
0. 


■'AtVdiiun 




400 








600 

1,000 

1,500 

2,000 

1,600 

1,000 

600 

400 

.ter.(7g^){ 

400 

600 

1.000 

1.500 

2,000 

1,500 

1.000 

600 

400 




^initial load. 


























"At6diam 


0. 
nd of colum 
0. 


































0. 


At 7 dlam 


eters (84") from lower end of column. 

100 0. 10. i Initial load. 




400 

600 

1,000 

1,600 


0. 

0. 
.0001 
.0006 
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Applied loads. 


In gauged length. 


Remarks. 


Total. 


Persqnare 
Inch. 


Lateral 
expansion. 


Set 


Potmdt. 


Pounds. 

2,000 

1)600 

1.000 

600 

400 

onfl repeate< 

MOO 

400 

600 

1,000 

1,600 

2.000 

1.600 

1.000 

600 

400 


Inch, 
.0010 
.0006 

.0008 
.0001 
0. 
on gauged 

-!oooi 

-.0001 

0. 

.0006 
.0009 
.0007 
.0003 

0. 

0. 


Inch, 


meters (ae^) from lower end of column. 
Initlalloai. 

\ 














' Observati 


6. 

length 3 dia 
0. 


































0. 


Measureii 
631,100 


lentfi of latei 
3,377 


al ezpansio 


Q of column 


discontinued. 
Ultimate strength. 



Failed at the lower end. 
feet of the column. 



Opened oblique cracks in the lower two 
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OOKOBETE AND MOETAB GOLUMKS. 
No. 1688. 



1 : 5 mixture. 

Mortar column, reinforced with 8 twisted steel bars, each 95. lO 
inches long. 




Composition, by volume: Alpha cement, 1; sand, 5. 

Age, set in air 6 months 17 days. 

Weight of column, total, 1,117 pounds. 

Weight of mortar, 996 pounds= 118.1 pounds per cubic foot 

Weight of steel bars, 121 pounds. 

Hei^t of column, 95.20 inches. 

Sectional area of column, gross, 12".51xl2".59=157.60 square 
inches. 

Sectional area of steel bars, ".76X".75=D".5625X8=4.5 square 
inches. 

Gauged length, 50". 



Applied loads. 


In gauged length. 


Remarks. 










Total, 


Per square 
inch. 


Compres- 
sion. 


Set. 




Pmmdt, 


Pounds. 


Iiu^. 


Inch. 




iS'IS 


100 


0. 


0. 


Initial load. Loaded with 9,000 pounds before 


23,625 


160 


.0016 


0. 


testing. 


81,600 


200 


.0085 


0. 




80,875 


260 


.0056 


.0001 




47,250 


800 


.0075 


.0002 




56,125 


860 


.0006 


.0005 




68.000 


400 


.0114 


.0006 




70,876 


460 


.0182 


.0006 




78,760 


600 


.0147 


.0007 




86,625 


550 


.0165 


.0009 




94.600 


600 
600 


.0181 
.0182 


.0010 
.0010 


£ (100-600) -1.462,000 pounds per square inch. 





Measurements of longitudinal compression of column discontinued. 



OOKOBETE AND MOBTAB OOLDHNB. 



827 



Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at different places along 
its length. 



Applied loads. 



Total. 



Per square 
inch. 



In ffuaged length. 



Lateral ex- 
pansion. 



Set. 



Remarks. 



Poundi. PoundM. Inch. Inch. 

At 1 diameter (12") from lower end of column 



10() 
200 
400 
600 



.0001 
.0008 
.0006 



Initial load. 



At 2 diameters (24") from lower end of column. 



100 
200 
400 
600 



0. 
0. 



.0002 
.0004 



Initial load. 



At 8 diameters (86") from lower end of column. 



100 
200 
400 
600 



.0001 
.0002 
.0008 



At middle of height of column. 



loo 

200 
400 
600 



o6oi 

0002 



0. 



Initial load. 



InitUl load. 



At 5 diameters (60") from, lower end of column. 



100 
200 
400 
600 



0. 
0. 
0. 
.0001 



Initial load. 



At 6 diameters (72") from lower end of column. 



100 
200 
400 



.0001 
.0002 
.0003 



Initial load. 



At 7 diameters (84") from lower end of column. 



100 


0. 


200 


0. 


400 


.0002 


600 


.0003 



0. 



Initial load. 



Measurements of lateral expansion of column discontinued. 
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CONOBETE AND MORTAR COLUMNS. 



Observations resumed on the longitudinal compression of the 
column. 
Original gauged length of 50" used, resetting the micrometer at zero. 



Applied loads. 


In gauged length. 


RemarkB. 


Total. 


Per square 
Incti. 


Compres- g^* 
slon. ^*- 


' Pounds. 


Pounds. 
100 
600 
700 
800 
9QP 
1,000 

600 
600 

1,100 
1,200 

1,200 
1,800 
1,400 
1,600 
1,600 
1.700 
1.800 
2,813 


Inch. Inch. 
0. 0. 


InitUl load. 

Rested under initial load 17 hours. Microme- 
ter read zero when testing was resumed. 

Ultimate strength. 




.0178 
.0202 
.0235 
.0266 
.0293 

.0187 
.0187 

.0326 
.0358 

.0853 
.0386 
.0420 
.0460 
.0497 
.0685 
.0574 


0. 
.0001 
.0004 
.0006 
.0008 

.0006 
.0006 

.0009 
.0010 

.0001 
.0006 
.0010 
.0013 
.0017 
.0020 
.0024 


116,250 

'126,000 

141,750 

157,500 




173,260 
189,000 


204,750 
220,500 
236,260 
252.000 
267,780 
283,500 
448,000 







Column failed near its lower end. 

Oblique lines of fracture were developed partly separating a wedge- 
shaped fragment 18" long, with base at lower end of column. 



CONOBETE AND MORTAR COLUMNS. 

No. 1689. 
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1:6 mixture. 

Mortar column, reinforced with 13 twisted steel bars, each 95.10 
inches long. 




Composition, by volume: Alpha cement, 1; sand, 5. 

A^e, set in air, 7 months 15 days. 

Weight of column, 1,191 pounds. 

Weight of mortar, 994.2 pound8=120 pounds per cubic foot. 

Weight of steel bars, 196.8 pounds. 

Height of column. 95.10 inches. 

Sectional area oi column, gross, 12".51xl2".61 = 157.75 square 
inches. 

Sectional area of steel bars, ".75 X ".75= D".5625X 13=7.31 square 
inches. 

Gauged length, 50". 



Applied loads. 


In gauged length. 


Remarks. 










Total. 


Per square 
Inch. 


Compres- 
sion. 


Set 




J^mnda. 


Pounds. 


Inch. 


Tneh. 




15,776 


100 


0. 


0. 


Initial load. Loaded with 14,000 pounds be- 
fore testing. 


23,668 


160 


.0010 


0. 




81,550 


200 


.0024 


.0002 




89,488 


260 


.0085 


.0008 




47,825 


300 


.0060 


.0004 




55,218 


860 


.0064 


.0006 




63,100 


400 


.0060 


.0006 




70,fl68 


460 


.0096 


.0006 




78,875 


500 


.0109 


.0007 




86.768 


550 


.0124 


.0008 




94,660 


600 
600 
660 


.0137 
.0137 
.0150 


.0009 
.0008 
.0008 


£ (100-600)= 1,968,000 pounds per square inch. 


■"'i62,*588" 




110,426 


700 


.0163 


.0009 




118.818 


750 


.0177 


.0010 




126,200 


800 


.0190 


.0011 




134,068 


860 


.0208 


.0011 




141.976 


900 


.0215 


.0012 




149,868 


960 


.0227 


.0012 




167,760 


1,000 


.0240 


.0018 


E (600-1,000) =2.020.000 pounds per square 
inch. 




600 
600 


.0160 
.0160 


.0013 
.0018 
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OONORETE AND MOBTAB 0OLUMK8. 

No. 1689— Continued. 



Applied load. 


In gnawed length. 


Remarki. 


Total. 


Per square 
inch. 


Gompm- 
■ion. 


Set. 


Poundi, 
178,686 
189,800 
206,076 
220,860 
286,626 


Pound*. 
1,100 
1,200 
1,800 
1,400 
1,600 

600 
600 

1,600 
1,700 
1,800 
1.900 
2,000 

600 


Inch. 
.0268 
.0289 
.0812 
.0886 
.0867 

.0167 
.0157 

.0681 
.0406 
.0428 
.0461 
.0476 

.0166 
.0166 

.0499 
.0626 
.0661 
.0576 
.0602 

,0170 
.0170 

.0680 
.0665 
.0684 


Inch, 
.0014 
.0014 
.0016 
.0017 
.0017 

.0018 
.0018 

.0019 
.0020 
.0021 
.0021 
.0022 

.0022 
.0022 

.0022 
.0024 
.0024 
.0025 
.0025 

.0026 
.0026 

.0027 

.0028 

r.0080 


B (1,000-1,600) -2,212,000 pounds per square 

E (1,600-2,000) -2,198,000 pounds per square 
inch. 

E (2,000-2,600) -2,088,000 pounds per square 
inch. 

Ultimate strength. 




268,400 
268,176 
288,960 
299,726 
816,600 




600 


881,276 
847,060 
862,826 
878,600 
894,876 


2,100 
2,200 
2.800 
2,400 
2,600 

600 
600 

2,600 
2,700 
2,800 
8,906 




410,160 
426,926 
441,700 
616,000 







Failure began 12" from the upper end. Longitudinal and trans- 
verse cracks opened, which extended nearly the entire length of the 
column. 

The twisted steel bars of the outside group buckled outward at the 
final stage of the test. The five inner bars were bent in reverse direc- 
tions at 12" to 24" from their upper ends. 
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CONCRETE COLUMN NO. 1656. APPEARANCE AFTEf^ ^ES^ING. 



h-btiOTVPE CO.. aC^TON. 



OONOBBTE AND HORTAB OOLOlCirS. 
No. 16M. 

1:1:2 Mixture. 

Plain column, without reenf orcing metal. 
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-/e^es — - 



Ck>mpo8ition, by volume: Atlas cement,!; sand, 1; trap rock (V to 

14"), 2- 

Age, set in air, 5 months 7 days. 

Weight of colmnn, total, 1,354 pounds. 

Weiffht of concrete, 1,354 pounds=154.7 pounds per cubic foot. 

Hei^t of column, 95.05 incnes. 

Sectional area of column, gross, 12".68xl2''.60=159.14 square 
inches. 

Gauged length, 60". 



Applied loAdfl. 


In gauged length. 


Remarka.' 










Total. 


Perflquare 
incn. 


Compres- 
sion. 


Set. 




PountU, 


P&undt. 


Inch. 


Inch. 




16,914 


100 


0. 


0. 


Initial load. 


28,870 


160 


.0006 


0. 




81,828 


200 


.0010 


.0001 




89,786 


260 


.0016 


.0001 




47,742 


800 


.0020 


.0002 




66.099 


860 


.0024 


.0002 




68,666 


400 


.0080 


.0002 




71.618 


460 


.0086 


.0008 




79,670 


600 


.0042 


.0003 




87,527 


660 


.0048 


.0004 




96,484 


000 


.0066 


.0006 


E (100 -000)-6.000,000 pound! per iqnare inch. 




000 
000 
000 
000 

080 


.0066 
.0060 
.0060 
.0066 

.0068 


.0006 
.0006 
.0006 
.0006 

.0006 










106,441 


111,898 


700 


.0009 


.0006 




119.866 


760 


.0077 


.0006 




127,812 


800 


.0088 


.0007 




186,209 


850 


.0091 


.0006 




143.220 


900 


.0096 


.0006 




161.188 


960 


.0100 


.0009 




169,140 


1,000 


.0114 


.0010 






1,000 


.0114 


.0011 






1000 


.0114 


.0011 






1,000 


.0116 


.0011 






ilooo 


.0116 


.0012 
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CONCRETE AND MORTAR COLUMNS. 
No. 1656— Continued. 



Applied loads. 



Total. 



Pounds. 
167,097 
175,054 
188,011 
190,968 
196,925 
206.882 
214.839 
222.796 
230,753 
238,710 



Per square 
inch. 



In gauged length. 



Compres- ' q.^ 
Bion. I °®^- 



Remarks. 



246,667 
254,624 
262,581 
270,538 
278,495 

286,452 

294,409 
302,866 
310.328 
318,280 



326,237 
334,194 
342,151 
350,108 
858,065 
866.022 
873,979 
881,966 
389.896 
397,850 

405,807 
418,764 
421,721 
429,678 
445,592 
461,506 
477,420 



Pounds. 
1,050 
1,100 
1,150 
1,200 
1,250 
1,300 
1,360 
1,400 
1,450 
1,500 

1,500 

1,500 

1.500 

1,500 

600 

600 

600 

1,000 

1.000 

1,000 

1,550 
1,600 
1,650 
1,700 
1,750 

1,800 

1,850 
1,900 
1.950 
2,000 

2,000 

2,000 

2,000 

2.000 

600 

600 

600 

1,000 

1,000 

1.000 

1,500 

1,500 

1,500 

2,a5o 

2,100 
2, 150 
2,200 
2,250 
2,300 
2.360 
2,400 
2,450 
2.500 

2,550 
2,600 
2,650 
2.700 
2.800 
2,900 
3.000 



GOO 
600 
600 
1,000 
1,000 
1,000 
1,500 
1.500 
1,500 
2,000 
2,000 



Inch. 
.0128 
.0130 
.0136 
.0143 
.0148 
.0156 
.0164 
.0171 
.0178 
.0185 

.0188 
.0188 
.0190 
.0191 
.0080 
.0079 
.0079 
.OIX^ 
.0188 
.0132 

.0197 
.0204 
.0211 
.0219 
.0226 

.0234 

.0287 
.0244 
.0251 
.0259 

.0260 
.0262 
.0264 
.0265 
.0095 
.0094 
.009-1 
.0150 
.0150 
.0150 
.0211 
.0213 
.0213 

.0276 
.0284 
.0298 
.0301 
.0310 
.0818 
.0827 
.0335 
.0344 



.0879 
.0388 
.0405 
.0423 
.0441 



.0125 
.0127 
.0127 
.0188 
.0188 
.0189 
.0255 
.0255 
.0265 
.0318 
.0319 



Inch. 
.0018 
.0013 
.0013 
.0014 
.0014 
.0015 
.0017 
.0017 
.0019 
.0020 

.0020 
.0022 
.0022 
.0022 
.0022 
.0021 
.0021 
.0021 
.0021 
.0021 

.0022 
.0024 
.0024 
.0025 
.0028 
.0029 
.0022 
.0024 
,0027 
.0026 
.0028 

.0028 
.0029 
.0030 
.0034 
.0033 
.0083 



.0033 
.0034 
.0084 
.0035 

.0036 
.0037 
.0040 
. 0011 
.(OU 
.(K>46 
.0047 
.0048 
.0051 
.0054 

.0053 
.0066 
.0058 
.0060 
.0064 
.0067 
.0070 

.0058 

.0058 
.0058 
.0058 
.0059 
.0060 
.0059 
.0060 
.0060 
.0060 
.0060 
.0061 



E (1,000-1.500) =4.098,000 pounds per square 
Inch. 



Set after 1 hour's rcKt. 



E (1,500-2,000) »3.788,000 pounds per square 
inch. 



, E (2,000-2,500) »8.676.000 pounds per square 
inch. 



E (2,600-8,000) =3,472.000 pounds per square 

inch. 
Set after resting 1 hour. 



OONOBETE AND MOBTAB COLUMNS. 

No. 1656— Continued. 
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Applied loftds. 




Bemarka. 


Total. 


Per square 
inch. 


Compres- 
fdon. 


Set. 


I\mul$. 


Poundt. 
2,000 
2,500 
2,500 

2,500 

2.500 
2,600 
8,000 
8.000 
8; 000 

8,100 
8,200 
8,800 
8,400 
8,500 

600 
600 
600 
1,000 
1,000 
1,000 
1.500 
1.600 
1,600 
2,000 
2,000 
2,000 
2.600 
2,500 
2.500 

3,600 
8.700 
3,800 
8,900 


Inch. 
.0819 
.U8'A) 
.0879 

.0880 

.0877 
.0880 
.0444 
.0451 
.0457 

•. .0474 
.0492 
.0515 
.0540 
.0668 

.0176 
.0175 
.0173 
.0238 
.0289 
.0240 
.0810 
.0811 
.0312 
.0879 
.0881 
.0881 
.0445 
.0445 
.0445 

.0602 
.0689 
.0681 


Inch. 
.0061 
.0061 
.0062 
r .0063 
I .0060 
.0067 
.0060 
.0064 
.0068 
.0070 

.0074 
.0079 
.0064 
.0092 
.0100 

.0097 
.0096 
.0096 
.0096 
.0096 
.0096 
.0096 
.0095 
.0096 
.0096 
.0097 
.0096 
.0096 
.0097 
.0098 

.0111 
.0124 
.0186 


Set after resting 16 honis. 

E (3,O0CW.50O) -2,577,01)0 pounds per square 

Ultimate strength. 


















498,384 
609,248 
525,162 
641.076 
566,990 






























572,904 
588,818 
604,782 
620,646 







The maximum load was sustained momentarily, then the column 
suddenly failed, separating along an oblique crack in the upper half.. 
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OONORETE AND MOBTAB OOLUMZTS. 
No. 1683. 



1:2:4 Mixture. 

Plain column, without reinforcing metal. 




Composition, by volume: Alpha cement, 1; sand, 2; trap rock 

(i"toir),4. _ 

Age, set m air, 6 months 5 days. 

Weight of column, total, 1,331 pounds. 

Weight of concrete, 1,331 pounds =150. 2 pounds per cubic foot. 



Hei^t of column, 94.90 inches. 
Sectional area of column, grc 



inches. 
Gauged length, 60". 



gross, 12".91X12".60=161.38 square 



Applied loads. 


In gauged length. 




Total. 


Per square 
inch. 


Compres- 
sion. 


Bet. 


Remarks. 


Poundi. 
16,188 

24,207 
82,276 
40,845 
48,414 
66,488 
64,662 
72,621 
80,600 
88,750 
06,628 


Pwtnda. 
100 

160 
200 
260 
800 
350 
400 
450 
600 
550 
600 

600 

700 

800 

000 

1.000 

600 
600 

1,100 
1,200 
1800 
1,400 
1,500 

600 
600 


Inch. 
0. 

.0004 
.0010 
.0015 

.002H 
.0087 
.0044 
.0052 
.0064 
.0074 

.0074 

.0001 
.0110 
.0180 
.0150 

.0096 
.0008 

.0171 
.0105 
.0220 
.0246 
.0276 

.0188 
.0187 


Inch, 
0. 

0. 

0. 

0. 
.0001 
.0002 
.0005 
.0005 
.0006 
.0010 
.0018 

.0014 

.0016 
.0010 
.0024 
.0026 

.0026 
.0026 

.0080 
.0066 

.0042 
.0060 
.0060 

.0060 
.0060 


Initial load. Loaded with 11,500 pounds be- 
fore testing. 

Rested under initial load 16 hours. 

E (100-600) -4,098,000 pounds per square inch. 

E (600-1,000) -8,175,000 pounds per square inch. 

E (1,000-1,600) -2,717,000 pounds per square 
inch. 


112,066 
120,104 
145,242 
161,880 




177,518 
196,666 
200,704 
225,082 
342,070 







OOirOBBTS AND MOBTAB OOLUBUirS. 
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Measurements of longitudinal compression of column discontinued. 

Observations on the lateral expansion of the column made on trans- 
verse gauged lengths, of 10" each, established at different places along 
its length. 



Applied loads. 



Total. 



Per square 
inch. 



In ganged length. 



Lateral 
expansion. 



Set 



Remarks. 



Pounds. 



Pvundt. 



Inch. 



Inch. 



At I diameter (8'0 from lower ena of column, 



ito 
eoo 

1,000 
1,500 



0. 



0006 

0010 
0020 



0. 



.0006 



Initial load. 



At *i diameter {i") from lower end of column. 



IdO 

600 

1,000 

1,600 

1,600 



.0009 
.0017 



.0066 



i Initial load. 



.0006 
.0009 



At I diameter (9") from lower end of column. 

I 100 I 0. i 0. I Initial load. 

600 .0011 

! 1,000 I .0021 I 0. I 

At 1 diameter (12") from lower end of column. 

I 100 I 0. I 0. I Initial load. 

600 .0008 1 

I 1,000 I .0015 I 0. 

At 2 diameters (24") from lower end of column. 



100 

600 

1,000 



.0006 
.0009 



I 0. 



I Initial load. 



.0001 



At 8 diameters (86") from lower end of column. 



100 

600 

1,000 

1,000 



0. 
.0006 

.0008 
.0006 



0. 



.0002 
.0002 



Initial load. 



At 4 diameten (at middle) from lower end of column. 



100 

600 

1,000 



100 

600 

1,000 



5. 



0002 
0006 



Initial load. 



At 6 difuneters (w) from lower end of column. 



.0008 
.0006 



Initial load. 



At 6 diameters (72") from lower end of column. 



100 

600 

1,000 



0004 

0007 



0. 



Initial load. 



.0001 



At 7 dUuneters {84") ftom lower end of column. 



816,000 



100 

600 

1.000 

1.968 



Initial load. 



0. I 0. 

.0002 ! 

.0006 I 0. J 

Maximum stress applied and released to the initial load of 100 pounds 
per square inch, after which obserrations were made on the lateral ex- 
pansion of the column. 
At I diameter (9") from lower end of column. 



100 

600 

1,000 

1,600 

1,000 

600 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,200 

1,000 

800 

600 

400 

200 



). 

.0020 


0. 


.0040 




.0066 




.0068 




.0048 
.0010 


.0009 


.0020 




.0061 




.0042 




.0060 




.0067 




.0064 




.0068 




.0060 




.0066 




.0060 




.0040 




.0026 





Initial load. 



At 4 diameters (at middle) from lower end of column. 

I 100 I 0. I 0. I Initial load. 

200 0. 
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OONCBETE AND MOSTAB COLUMNS. 



AppUed loadfl. 


In gauged length. 


Remarks. 


Total. 


Per square 
incn. 


Lateral 
expansion. 


Set. 


Pounds. 


Pounds. 

100 

600 

800 

1,000 

1.200 

1,400 

1.200 

1,000 

800 

600 

400 

onn 


Inch. 
.0002 
.0004 
.0006 
.0008 
.0009 
.0010 
.0009 
.0008 
.0007 
.0005 
.0004 
nnni 


Inch. 
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Measurements of lateral expansion of column discontinued. 
821,200 1 1,990 j 1 1 Ultimate strength. 



Opened zigzag cracks 5 inches to 30 inches from lower end of 
column. 

The load sustained by the column gradually fell as the cracks 
increased. 

Test discontinued when the sustaining power had fallen to 200,000 
pounds. Removed from the testing machine and ruptured part 
photographed. 



end of 
crack 

d part 
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CONOBETE AND MORTAB COLUMNS. 
No. 1650. 

1:1:2 mixture. 

Plain column, without re6nforcing metal. 
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Composition, by volume: Vulcanite cement, 1; sand, 1; pebbles 
(i" to U"), 2. 

Age, set in air, 5 months 7 days. 

Weight of column, total, 1,267 pounds. 

Weight of concrete, 1,267 pounds = 144 pounds per cubic foot. 

Height of column, 95 inches. 

Sectional area of column, gross, 12^.70 X 12".60 = 160.02 square 
inches. 

Gauged length, 50". 



Applied loads. 


In gauged length. 


Remarks. 


Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 


Pounds. 
16,002 

24,003 
82,004 
40,005 
48,006 
56,007 
64,006 
72,009 
80,010 
88,011 
96,012 


Pounds. 
100 

150 
200 
260 
800 
350 
400 
450 
500 
550 
600 

600 
600 
600 
600 
100 
600 
600 
600 
600 
600 
600 
400 
600 
400 
600 
400 
600 
400 
400 
600 
600 


Inch. 
0. 

.0009 
.0018 
.0028 
.0039 
.0060 
.0063 
.0078 
.0090 
.0102 
.0116 

.0116 
.0119 
.0120 
.0120 


Inch. 
0. 

0. 
.0002 
.0004 
.0006 
.0009 
.0011 
.0015 
.0019 
.0020 
.0023 

.0024 
.0026 
.0028 
.0028 
.0021 
.0024 
.0027 
.0028 
.0029 
.0029 


Initial load. Loaded with 12,000 pounds be- 
fore testing. 

E ( 10O-600) = 2,688,000 pounds per wiuare inch. 
Remained under initial load 16 hours. 

After sus.taining load 5 minutes. 












.oii? 

.0119 
.0120 
.0120 
.0121 
.0122 
.0091 
.0123 
.0091 
.0124 
.0091 
.0125 
.0093 
.0090 
.0125 
.0127 






































.0031 


















H. Doc. 22, 59-1- 
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OONCBETE AND MOBTAB COLUMNS. 

No. 1650 — Continued. 



Applied loads. 



Total. 



Per sauare 
incn. 



In gauged length. 



Compres- 
sion. 



Bet. 



Remarks. 



Pounds. 



104,018 
112,014 
120,015 
128,016 
186,017 
144,018 
152,019 
160,020 



176,022 
192,024 
208,026 
224,028 
240,080 



244,000 



Pounds. 
400 
600 
600 
600 
400 
600 
400 
400 
600 

650 
700 
760 
800 
860 
900 
950 
1,000 

400 
600 
600 
600 

1,100 
1,200 
1.800 
1,400 
1.500 

400 

600 

600 

600 

1,000 

1,000 

1,000 

1,000 

1,000 

1,525 



Inch. 
.0095 
.0128 
.0180 
.0130 
.0098 
.0180 
.0099 
.0095 
.0180 

.0188 
.0149 
.0160 
.0170 
.0185 
.0196 
.0209 
.0224 

.0118 
.0155 
.0155 
.0155 

.0249 
.0275 
.0299 
.0826 
.0855 

.0153 
.0195 
.0195 
.0196 
.0271 
.0274 
.0277 
.0278 
.0277 



Inch. 



After sustaining load 5 minutes. 
After sustaining load 10 minutes. 



.0088 



.0088 
.0088 
.0040 
.0041 
.0045 
.0047 
.0048 
.0055 



E (600-1,000) =2, 632,000 pounds per square 
incb. 



.0055 
.0055 
.0055 

.0061 
.0069 
.0074 
.0081 
.0089 



.0090 
.0091 
.0091 
.0092 
.0093 



.0098 
.0097 



E (1,000-1,500) =2,577,000 pounds per square 
inch. 



After sustaining load 5 minutes. 
Ultimate strength. 



Failed at the upper end of the column. 



GONORJSTi: AND MOBTAB COLUMNS. 
No. 1661. 

1:2:4 Mixture. 

Plain column, without reinforcing metal. 



889 




Composition, by volume: Vulcanite cement, 1; sand, 2; pebbles (i" 
to H"), 4. 

Age, set in air, 5 months 6 days. 

Weight of column, total, 1,280 pounds. 

T^eight of concrete, 1,280 pounds =144. 9 pounds per cubic foot. 

Heifi^ht of column, 95 inches. 

Sectional area of column, gross, 12".57 X 12".78 = 160.64 square 
inches. 

Gauged length, 50". 



Applied loads. 


In gauged length. 












Totol. 


Per square 
inch. 


Compres- 
sion. 


Set. 




Ftmndt. 


Ptmnds. 


Inch. 


Inch. 




16,064 


100 


0. 


0. 


Initial load. Loaded with U.OOO pounds be- 
fore testing. *^ 


24.006 


150 


.0004 


0, 




82,128 


200 


.0009 


.0001 




40.160 


260 


.0019 


.0008 




48,102 


800 


.0029 


.0007 




66.224 


S50 


.0041 


.0009 




64.266 


400 


.0064 


.0012 




72,288 


460 


.0069 


.0018 




80.820 


500 


.0084 


.0021 




88.362 


660 


.0098 






96.884 


600 


.0114 


.0081 


E (100-600) »3,012,000 pounds per square Inch. 




600 


.0116 


.0032 






600 
600 
600 
600 
600 
600 
600 


.0118 
.0119 
.0122 
.0123 
.0126 
.0126 
.0129 


.0084 
.0085 

.0087 


After sustaining load 5 minutes. 
Do. 










.0041 






.0043 




600 
660 


.0129 
.0139 






104,416 


.0044 


i 


112,448 


700 


.0160 


.0046 




120,480 


760 


.0164 


.0049 




128,612 


800 


.0180 


.0056 




136,644 


860 


.0196 


.0060 




144.676 


900 


.0211 


.0068 




162,606 


960 


.0280 


.0078 




160,640 


1,000 


.0249 


.0081 


B (600-1.000) »2,858,000 pounds per square inch. 
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CONOBKTE AND MOBTAB OOLUMNS. 

No. 1651 — Continued. 



Applied loads. 


In gauged length. 


Bemarks. 


Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 


Ptmnds. 


PoundB. 
1,000 
1,000 
1.000 


Inch. 
.0254 
.0264 
.0267 
.0287 
.0287 

.0808 
.0888 
.0875 
.0429 
.0498 


Inch. 


After sustaining load 5 minutes. 
After sustaining load 10 minutes. 
After sustaining load 2 hours. 

£ ( 1.000-1,500) -2,000,000 pounds per squareinch. 
Ultimate strength. 






' 






1,000 
1.000 

1,100 
1,200 
1.800 
1,400 
1.600 
1,606 


.0122 




176,704 
192,768 
208,882 
224,896 
240,960 
242,000 


.0128 
.0180 
.0142 
.0168 
.020^ 











Failed near the lower end of the column, 
lines of fracture. 



Opened irregular, oblique 
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CONCRETE COLUMN NO. 1667. APPEARANCE AFTER TESTING. 



HELiC^PE CO.. BOSTON 



CONOBETE AND MOBTAR COLUMNS. 

No. 1667. 
1:2:5 Mixture. 
Plain column, without refinforcing metal. 
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/ 



X 



-1&70- 



Composition, by volume: Alpha cement, 1; sand, 2; pebbles rt" to 

li"), s. 
Age, set in air, 3 months 8 days. 
Weight of column, total, 1,089 pounds. 

Weiffht of concrete, 1,089 pounas=148 pounds per cubic foot. 
Height of column, 95.25 inches. 
Diameter of column, 12.70 inches. 
Sectional area, gross, 133.60 square inches. 
Gauged length, 50". 



Applied loads. 


In gauged length. 


Remarks. 










Totol. 


Per square 
Incn. 


Compres- 
flion. 


Set. 




PWMd». 


Ptm-ndM. 


Inch. 


InOi. 




18,860 


100 


0. 


0. 


InitUl load. Txmded with 15,000 pounds be- 
fore testing. 


20,040 


150 


.0008 


0. 




28,720 


200 


.0014 


0. 




32,400 


250 


,0021 


0. 




40,080 


300 


.0030 


.0002 




46,760 


850 


.0040 


.0006 




53,440 


400 


.0060 


.0007 




60,120 


460 


.0061) 


.0008 




66,800 


500 


.0072 


.0010 




73,480 


550 


.0086 


.0014 




80,160 


600 


.0100 


.0018 


£ (100-600)3,049,000 pounds per square inch. 




600 


.0102 


.0020 




86,840 


650 


.0113 


.0028 




93,520 


700 


.0127 


.0027 




100,200 


750 


.0141 


.0081 




106,880 


800 


.0158 


.0089 




118,560 


850 


.0178 


.0045 




120,240 


900 


.0198 


.0054 




126,920 


950 


.0218 


.0061 




138,600 


1,000 


.0242 


.0077 


B (600-1,000) -2,410,000 pounds per square inch. 




600 
600 

1,060 


.0174 
.0178 

.0270 


.0076 
.0076 

.0090 






140,280 


146,960 


1,100 






Ultimate strength. 







Failed near lower end. Opened longitudinal and oblique cracks at 
1 foot to 3 feet from end of column. 
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OONCBETE AND MOBTAB GOLUMNB. 

No. 1649. 



1:3:6 Mixture. 

Plain column, without rednforcing metal. 



-/Srea — • 



Composition, by volume: Vulcanite cement, 1; sand, 3; pebbles (i^" 
to li"), 6. 

Age, set in air, 5 months 5 days. 

Weight of column, total, 1,269 pounds. 

Weight of concrete; 1,269 pounas=144.9 pounds per cubic foot. 

Hei^t of column, 95.05 inches. 

Sectional area of column, gross, 12".68X12".56=159.26 square 
inches. 

Gauged length, 50". 



▲ppUed loads. 


In gauged length. 


Remarks. 


Total. 


Per square 
inch. 


Compies- 
slon. 


Set 


Pounds. 
16,926 

23,889 
31862 
89,816 
47,778 
66,741 
63,704 

79,680 
87,608 
95,606 
103,519 
1U,482 


Pounds. 
100 

150 

aoo 

250 
800 
350 
400 
460 
500 
550 
600 
660 
700 


Inch, 
0. 

.0028 
.0060 
.0082 
.0114 
.0161 
.0198 
.0288 
.0290 
.0360 
.0487 
.0567 


Inch. 

.0014 
.0027 
.0043 
.0060 
.0081 
.0108 
.0135 
.0168 
.0208 
.0269 
.0360 
.0686 


Initial load. Loaded with 8,600 pounds before 
testing. 

£ (100-eoO) « 1,488,000 pounds per square inch. 
Ultimate strength. 





Sustained the maximum load momentarily. The load was released 
and set determined. Upon reloading the column irregular, oblique 
cracks opened along the middle of its height, which continued to 
develop under diminished stresses. 
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CONCB£T£ AND HOBTAB OOLUMIfS. 

No. 1656. 
1:8:6 Mixture. 
Plain column, without reinforcing metal. 
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^> 



^St^S- 



CJomposition, by volume: Atlas cement, 1; sand, 3; cinders, 6. 
Age, set in air, 6 months 6 days. 
Weight of column, total, 941 pounds. 

Weight of concrete, 941 pounds =107.1 pounds per cubic foot. 
Hei^t of column, 96.30 inches. 

Sectional area of column, gross, 12".66xl2".60=169.39 
inches. 
Gauged length, 60". 



square 



Applied loadfl. 


In gauged length. 


Remarki. 










Total. 


Per square 
Inch. 


Comprea- 
sion. 


Set. 




PwmdJi. 


Potindt. 


Inch, 


Inch. 




16,989 


100 


0. 


0. 


Initial load. Loaded with 14,000 pounds be- 
fore testing. 


28,909 


160 


.0022 


.0004 




81,878 


200 


.0048 


.0009 




89,848 


250 


.0075 


.0015 




47,817 


800 


.0106 


.0020 




65,787 


850 


.0134 


.0026 




63,766 


400 


.0164 


.0032 




71,728 


460 


.0197 


.0043 




79,695 


500 


.0280 


.0050 




87,666 


660 


.0266 


.0060 




95,684 


600 


.0800 


f .0078 
\ .0068 


E (100-600) '1,101,000 pounds per square inch. 
Set after 10 minutes. 




600 


.0806 


.0075 






600 


.0311 


.0060 






600 


.0815 


.0064 






60O 




.0066 




106,604 


660 


.0350 


.0093 




111,678 


700 


.0386 


.0104 




119,648 


750 


.0430 


.0118 




127,512 


800 


.0479 


.0136 




135,482 


850 • 


.0581 


.0161 




148,461 


900 


.0696 


.0186 




161,421 


960 


.0667 


.0219 




169,890 


1,000 


.0765 


.0278 


E (600-1,000) -765,000 pounds i>er square inch. 




1,000 
1,000 


.0806 
.0840 


.0299 
.0620 






167,860 


1,060 


.0986 


.0680 


• 


160,000 


1,060 






Ultimate strength. 







Opened oblique cracks near middle of height of column. 
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CONCRETE AND MORTAR COLUMNS. 

No. 1652. 



1:2:4: Mixture. 

Reinforced with 8 twisted steel bars, each 94". 55 long. 



♦a^ 



D 

D D 

D 



iB.M 

Composition, by volume: Vulcanite cement, 1; sand, 2; cinders, 4. 

Age, set in air, 5 months 5 da^'^s. 

Weight of column, total, 1,022 pounds. 

Weight of concrete, 901 pounds =106 pounds per cubic foot. 

Weight of steel bars, 121 pounds. 

Height of column, 94.55 inches. 

Sectional area of column, gross, 12".65xl2".63=159.77 square 
inches. 

Sectional area of steel bars, ".75 X ".75= D". 5625X8=4.5 square 
inches. 

Gauged length, 50". 



Applied loads. 


In gauged length. 












Remarkfl. 


Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 




Pounds. 


Pounds. 


Inch, 


Inch. 




15,977 


100 


0. 


0. 


Initial load. LoadiMl with 13,000 pounds be- 
fore testing. 


23.966 


150 


.0011 


0. 




31. 9M 


200 


.0023 


0. 




89,943 


250 1 


.0036 


.0002 




47,931 


300 1 


.0049 


.0004 




5a 920 
65^.908 


350 


.0064 


.0005 




400 1 


.0080 


.0006 




71,897 


450 1 


.0095 


.0007 




79,885 


500 ; 


.0111 


.0008 




87,874 


550 ! 


.0128 


.0010 




95,862 


600 1 


.0142 


.0012 


E (100-(K)0) =1,923,000 pounds per square Inch. 




600 
600 
600 


.0146 
.0146 
.0146 


.0012 
.0013 
.0013 










600 1 
650 


.0146 
.0161 


.0013 
.0014 




103,851 


111,839 


700 


.0176 


.0015 




119, 828 


750 , 


.0193 


.0017 




127, 816 


800 


.0210 


k0018 




135,805 


850 1 


.0225 


..0019 




143, 793 


900 


.0241 


.0020 




151,782 


950 1 


.0258 


.0021 




159, 770 


1,000 1 

) 


.0275 


.0023 


E ffiOO-1.000) =-1.639,000 pounds per square 
inch. 



CONCRETE AND MORTAR COLUMNS. 

No. 1652— Continued. 
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Applied loads. 


In gauged length. 




Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 


Remiirks. 


PounrU. 


Poundf. 
1,000 
1,000 
1,000 
1,000 

1.050 
1,100 
1,150 
1,200 
1,250 
1,300 
1,350 
1,400 
1,460 
1,600 

1,600 
1,600 
1,500 
1.600 

1.560 
1,600 
1,650 
1.700 
1,750 
1,800 
1,860 
1,900 
1,950 
2,000 

2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 

2,050 
2,100 
^.160 
^,200 
2,260 
2,300 
2,350 
2,400 
2,450 
2,500 

200 

300 

400 

600 

600 

600 

400 

800 

200 

600 

600 

600 

600 

600 

1,000 

1,000 

1,000 

1,.000 

1,000 

1,500 

1,500 

1,500 

1,500 

1,600 


Inch. 
.0276 
.0277 
.0279 
.0279 

.0296 
.0810 
.0327 
.0343 
.0860 
.0376 
.0393 
.0410 
.0429 
.0445 

.0460 
.0451 
.0451 
.0454 

.0468 
.0483 
.0499 
.0520 
.0685 
.0652 
.0569 
.0590 
.0609 
.0626 

.0628 
.0633 
.0635 
.0639 
.0641 
.0642 
.0643 

.0659 
.0676 
.0694 
.0714 
.0783 
.0749 
.0778 
.0798 
.0818 
.0838 

.0074 
.0109 
.0148 
.0189 
.0227 
.0193 
.0156 
.0117 
.0081 
.0228 
.0228 
.0280 
.0230 
.0230 
.0376 
.0876 
.0376 
.0877 
.0877 
.0639 
.0640 
.0536 
.0537 
.0588 


Inch. 
.0022 
.0024 
.0024 
.0024 

.0025 
.0028 
.0028 
.0028 
.0080 
.0030 
-.0081 
.0032 
.0083 
.0084 

.0086 
.0036 
.0085 
.0036 

.0087 
.0037 
.0037 
.0038 

.0040 
.0041 
.0042 
.0043 
.0043 

.0045 
.0046 
.0(M7 
.0046 
.0048 
.0046 
.0047 

.0047 
.0047 
.0049 
.0060 
.0062 
.0060 
.0062 
.0056 
.0066 
.0060 
















167,759 
176,747 
183,786 
191,724 
199,718 
207,701 
216,690 
223,678 
281,667 
239.655 


£ (1,000-1,500) »1.572,000 pounds per square 
inch. 








, 






247,644 
255,632 
263, 621 
271,609 
279,598 
287,586 
296,575 
303,563 
311,552 
819,540 


E (1..^00-2,000) =1,468.000 pounds per square 
inch. 


























827,629 
335,517 
843,606 
351,494 
359,483 
367,471 
375,460 
388,448 
891,487 
399,425 


Rested 1 hour under initial load. 

E (2,000-2,500) »1,282,000 pounds per square 

inch. 
Rested 18 hours under initial load, at the 

end of which the micrometer showed the set 

to be ".0O48. 














































.0064 
.0062 
.0058 
.0063 
.0064 
.0064 
.0066 
.0066 
.0066 
.0067 
.0066 
.0067 
.0068 
.0064 
.0058 
.0063 
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CWNOBXTE AND ICOBTAS 0OI.UMN8. 

No. 1662— Continued. 



Applied loads. 


In gauged length. 


Remarka. 


Total. 


Persqaare 
inch. 


Gompres- 
Bion. 


Set. 


PoundM. 


Poun<U. 
2,000 
2,000 
2,000 

2,000 
600 
600 
600 

2,500 

2,660 
2^600 
2,650 
8,029 


Inch, 
.0688 
.0691 
.0091 
.0691 
.0092 
.0281 
.0288 
.0282 
.0841 

.0664 
.0688 

.0912 


Inch. 
.0054 
.0066 
.0066 
.0066 
.0066 
.0064 
.0068 
.0068 
.0067 

.0060 
.0064 
.0060 


Set became ''.0068 after 6 mlnutea. 
Ultimate strength. 


















407,414 
416,402 
428,891 
484,000 





Failed near middle of height. 



CONOBBTE AKD MOBTAB OOLVHNS. 

' No. 1658. 

1:8:6 Mixture. 

KeCnforced with 4 twisted steel bars, each 94.50 inches long. 
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Composition, by volume: Atlas cement, 1; sand, 3; cinders, 6. 

Age, set in air, 5 months 5 days. 

Weight of column, total, 952 pounds. 

Weight of concrete, 891.5 pounds =104. 2 pounds per cubic foot. 

Weight of steel bars, 60.5 pounds. 

Height of column. 94.50 inches. 

Sectional area ot column, gross, 12".55xl2".65=158.76 square 
inches. 

Sectional area of st«el bars, ".75X".75=D".5625x4=2.25 square 
inches. 

Gauged length, 50". 



AppUed loads. 


In gauged length. 


Remarks. 










Total. 


Per square 
inch. 


Compresr 
sion. 


Set. 




Pounds, 


Pounds. 


Inch. 


Inch. 




16,876 


100 


0. 


0. 


Initial load. Tioaded with 9,000 pounds before 
testing. 


28,814 


150 


.0017 


.0001 




81,762 


200 


.0086 


.0008 




89,090 


260 


.0065 


.0006 




47,628 


800 


.0076 


.0008 




65,666 


860 


.0100 


.0011 




68,604 


400 


.0124 


.0012 




71,442 


460 


.0146 


.0016 




79,880 


600 


.0169 


.0017 




87,818 


650 


.0198 


.0020 




96,266 


600 


.0218 


.0028 


E (100-600) =1,282,000 pounds per square inch. 




600 
600 
600 
600 


.0220 
.0228 
.0280 
.0280 

.0268 


.0025 
.0061 
.0082 
.0088 

.0084 


Set ".0080 at end of 8 hours. 








108,194 


111,182 


.0276 


.0086 




119,070 


760 


.0600 


.0068 




127,008 


800 


.0827 


.0041 




184,946 


860 


.0851 


.0044 




142,884 


900 


.0880 


.0048 
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OONCBETE AND MORTAK COtUMNS. 

No. 1658— Continued. 



Applied loads. 


In gauged length. 


Remarks. 


Total. 


Per square 
Inch. 


Compres- i a_* 
sion. 1 ^^^ 

1 


Pounds. 
160,822 
168,760 


Pounds. 

960 

1.000 

1,000 
1,000 
1,000 

1.000 

1,000 
1,000 

1,060 
1,100 
1,150 
1,200 
1,250 
1,300 
1.360 
1,400 
1,450 
1,500 

1,550 
1.600 
1,650 
1,700 
1,750 
1,800 

600 
600 
600 
600 
600 
1,000 


Inch. 
.0406 
.0444 

.0449 
.0445 
.0446 

.0449 

.0442 
.0446 

.0470 
.0493 
.0522 
.0660 
.0577 
.0606 
.0638 
.0674 
.0712 
.0746 

.0780 
.0828 
.0866 
.0906 
.0961 
.1006 

.0452 
.0454 
.0466 
.0463 
.0463 
.0662 
.0662 
.0663 
.0662 
.0662 


Inch. 
.0061 
.0064 

.0066 
.0067 


E (600-1,000) =1,006,000 pounds per square 
inch. 






.0059 i 
i .0060 






t .0049 " ~ ■ 

.0054 
.0056 

.0068 
.0069 
.0064 
.0067 
.0069 
.0071 
.0078 
.0081 
.0088 
.0093 

.0099 
.0108 
.0118 
.0128 
.0140 
.0157 

.0163 
.0162 
.0153 
.0158 
.0153 
.0154 
.0156 
.0164 
.0164 
.0154 


Set alter resung unaer iniuai loaa 4U nours. 

£ (1.000-1,600) =1966,000 pounds per square 
inch. 

Snapping sounds. 
Ultimate strength. 




166,098 
174,636 
182,674 
190,612 
198,464 
206,388 
214,326 
222,264 
230,202 
238,140 

246,078 
254,016 
261,964 
269,892 
277,830 
285.768 














1,000 
1,000 
1.000 
1,000 

1,982 








306,700 











Failed near middle of height. 



CONCBETE AND MOBTAB COLUMNS. 
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No. 1654. 
1:3:6 Mixture, 
Refinforced with 8 twisted steel bars, each 94.41 inches long. 



*2£& 



J 



D 

D n 
a 



a 



f£t.67 



J^ 



Composition, by volume: Atlas cement, 1; sand, 3; cinders, 6. 
Affe, set in air, 5 months 6 days. 
Weight of column, total, 1,019 pounds. 

Weight of concrete, 898 pounds= 108.4 pounds per cubic foot. 
Weight of steel bars, 121 pounds. 
Height of column, 94.41 inches. 

Sectional area of column, gross, 12". 67 X 12". 55 = 159. 01 square inches. 
Sectional area of steel bars, ". 75 X ".75= D ".5625X8=4.50 square 
inches. 
Gauged length, 50". 



Applied loads. 


fn gauged length. 


Remarks. 


Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 

Inch. 
0. 

0. 

0. 

0. 

0. 

.0008 
.0004 
.0007 
.0003 
.0005 
.0003 
.0004 
.0005 
.0009 
.0011 
.0013 
.0014 
.0016 
.0016 

0022 


Pounds. 
16,901 

23,852 

31,802 

89,758 

47,708 

55,654 

63,604 

71,555 

79,505 

87,456 

95,406 

103,857 

111,307 

119,258 

127,208 

185.169 

143,109 

161.060 

159,010 


Pounds. 
100 

160 
200 
250 
800 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1,000 

1,000 
1,000 
1,000 
1,000 

1,050 
1,100 
1,160 


Inx:h. 
0. 

.0010 
.0019 
.0081 
.0044 
.0056 
.0072 
.0090 
.0114 
.0120 
.0133 
.0147 
.0162 
.0181 
.0198 
.0216 
.0231 
.0247 
.0263 

.0271 


Initial load. Loaded with 12.000 pounds be- 
fore testing. 

£ (100-600) =1,928,000 pounds per square inch. 
Rested under initial load 16 hours. 

E (600-1,000) = 1,709,000 pounds per square 
inch. 




.0272 .0022 
.0274 .0023 
.0274 .0024 






166,961 
174,911 
182,862 


.0291 
.0306 
.0826 


.0025 
.0027 
.0027 
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OOKGBETE AND HOBTAB COLUMNS. 

No. 1654 — Continued. 



Applied loads. 


In gauged length. 


Bemarks. 


Total. 


Per square 
Inch. 


CompiCB- 
sion. 


Set 


Pounds. 
190,812 
198,768 
206,718 
214,664 
222,614 
230,565 
288,515 


Pounds. 
1,200 
1,250 
1,800 
1,350 
1,400 
1,450 
1,600 

1,500 
1,500 
1,500 
1,600 

1,650 
1,600 
1,650 
1,700 
1,750 
1,800 
1.850 
1,900 
1,950 
2,000 

2,000 
2,000 
2,000 
2,000 

2,050 
2,100 
2,150 
2,200 
2,250 
2,300 
2,860 
2,400 
2,450 
2,500 

2,660 
2,600 
2.650 
2,700 
2,750 
2,800 
2,850 

1,000 

1,000 

1,000 

1,000 

1,000 

200 

300 

400 

600 

600 

700 

.800 

900 

1,000 

900 

800 

700 

600 

500 

400 

300 

200 

600 

1,000 

600 

600 

8,100 


Inch. 
.0846 
.0861 
.0877 
.0393 
.0411 
.0429 
.0449 

.0460 
.0462 
.0456 
.0466 

.0470 
.0488 
.0605 
.0521 
.0588 
.0568 
.0678 
.0596 
.0614 
.0638 

.0687 
.0640 
.0645 
.0645 

.0664 
.0682 
.0700 
.0721 
.0740 
.0761 
.0782 
.0807 
.0831 
.0856 

.0682 
.0908 
.0989 
.0971 
.1006 
.1042 
.1088 

.0489 
.0483 
.0485 
.0485 
.0485 
.0159 
.0198 
.0240 
.0284 
.0326 
.0368 
.0408 
.0448 
.0486 
.0464 
.0418 
.0379 
.0388 
.0294 
.0251 
.0208 
.0165 
.0328 
.0484 
.0338 
.0334 


Inch. 
.0029 
.0081 
.0032 
.0083 
.0033 
.0034 
.0036 

.0088 
.0068 
.0088 
.0088 

.0086 
.0038 
.0089 
.0089 
.0068 
.0040 
.0040 
.0041 
.0042 
.0043 

.0048 
.0044 
.0044 
.0045 

.0045 
.0046 
.0046 
.0046 
.0047 
.0048 
.0049 
.0061 
.0064 
.0050 

.0063 
.0068 
.0075 
.0085 
.0098 
.0111 
.0128 

.0125 
.0124 


£ (1.000-1,600) -1.606,000 pounds per squan 
inch. 

E (1,600-2,000) "1,412,000 pounds per square 
inch. 

E (2JOOO-2,600) -1.206,000 pounds per square 
Rested under inital load k hour. 

Ultimate strength. 








246,466 
254,416 
262,867 
270,817 
278,268 
286.218 
294,169 
802,119 
310,070 
818,020 








825,971 
388,921 
841,872 
849,822 
367,778 
865,723 
873,674 
881,624 
389,575 
897,625 

405,476 
418,426 
421,377 
429,827 
487,278 
445,228 
458,179 
















































































.0125 














.0126 


493,000 







Failed near the middle of the height of the column. 
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1:2: 5 mixture. 

Keenforced with cage of 3-incb mesh expanded metal, wrapped in 
steel lathing. 
Expanded metal, ".16 wide by ".13 thick; lathing, ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 

ir), 5. 

Surface plastered with 1: 2 mortar. 
Age, set in air, 3 months 11 days. 
'V^^ight of column, total, 765 pounds. 

Weight of concrete, 731 pounds =140. 6 pounds per cubic foot. 
Weight of expanded metal and lathing, 34 pounds. 
Heignt of column, 95.16 inches. 

Diameter of column, 11.04 inches; sectional area, gross, 95.72 square 
inches. 
Gauged length, 50". 



Applied loads. 


In gauged length. 


Remarks. 






_-_ 


Total. 


Per sqaare 
incD. 


"^sir"! ««t. 




Pound$. 


Pounda. 


Inch. Inch. 




9,572 


100 


0. 0. 


Inltialload. Loaded with 6.000 pounds beforo 

testing. 


14,856 


160 


.0010 , .0001 




19,144 


200 


.0021 . .0004 




23,080 


260 


.0080 .0006 




28,716 


800 


.0048 .0008 




83,502 


860 


.0066 .0012 




38,288 


400 


.0069 


.0015 




48,074 


460 


.0061 


.0018 




47,860 


600 


.0095 


.0022 




62,646 


560 


.0109 


.0025 




67.482 


600 


.0125 


.0030 


E ( 100-600) «2, 682, 000 pounds per square inch. 




600 
660 


.0127 * OOftl 




62,218 


.0189 


.0033 




67,004 


700 


.0155 


.0040 




71,790 


750 


.0172 


.0046 




76,576 


800 


.0186 


.0060 




81,862 


860 


.0201 


.0054 




86,148 


900 


.0222 


.0066 




90,984 


960 


.0239 


.0071 




95,720 


1.000 


.0254 


.0076 


E (600-1,000) 1- 2,410,000 pounds p«r square 
inch. 




600 


.0179 


.0077 




600 


.0174 


.0077 
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OOKOBETE AND MORTAR COLUMNS, 
No. 1665 — Continued. 



Applied loads. 




Remarks. 


Total. 


PerBquare 
inch. 


Compres- 
sion. 


Set. 


Pounds. 
100,606 
105,292 
110,078 
114,864 
119,650 


PowuU. 
1,060 
1,100 
1,150 
1,200 
1,250 

600 
600 

1,300 
1,350 
1,400 
1,460 
1,500 
1,560 
1,600 
1,650 
1,820 


Inch. 
.0271 
.0291 
.0814 
.0635 
.0858 

.0225 
.0224 

.0378 
.0400 
.0421 
.0461 
.0480 
.0609 
.0539 
.0600 


Inch. 
.0081 
.0090 
.0100 
.0109 
.0120 

.0117 
.0117 


Ultimate strength. 




124,436 
129,222 
134,008 
188,794 
143,580 
148,366 
153,152 
157,988 
174,000 














.0242 









Column failed at the upper end. 



CONCRETE AND MORTAR COLUMNS. 
No. 1666. 
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1:2:5 Mixture. 

Reinforced with cage of 3-inch mesh expanded metal, without steel 
lathing. 
Expanded metal, ".16 wide by ".13 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 

in, 5. 

Age, set in air, 4 months. 
Weight of column, total, 1,099 pounds. 

Weight of concrete, 1,080 pounas= 146.3 pounds per cubic foot. 
Weight of expanded metal, 19 pounds. 
Height of column, 95 inches. 

Diameter of column, 12.70 inches; sectional area, gross, 133.60 square 
inches. 

Gauged length, 50". 



AppUed loads. 


In gauged length. 


Total. 


Peraanare 
Inch. 


Compres- 
sion. 


Bet. 


Poundf. 


Poundi. 


Inch. 


Inch, 


13,360 


100 


0. 


0. 


20,040 


150 


.0007 


0. 


26,720 


200 


.0016 


.0001 


88,400 


260 


.0024 


.0008 


40,080 


800 


.0084 


.0006 


46,700 


860 


.0044 


.0007 


58,440 


400 


.0067 


.0009 1 


60,120 


450 


.0068 


.0018 


66,800 


600 


.0060 


.0015 


78.480 


660 


.0008 


.0020 


80,160 


600 


.0108 


.0024 




600 
660 


.0112 
.0121 


.0028 


86,840 


.0028 


98.fi20 


700 


.0189 


.0064 


100,200 


760 


.0165 


.0041 


106,880 


800 


.0175 


.0051 


118,600 


860 


.0196 


.0067 


120,340 


900 


.0221 


.0070 


126,930 


960 


.0245 


.0068 


188,600 


1,000 


.0275 


.0097 




600 


.0208 


.0099 




600 


.0202 


.0099 







Remarks. 



Initial load. Loaded with 12,000 pounds be- 
fore testing. 



£ ( 100-600) «i2,976,000 pounds per square inch. 



E (600-1,000) s-2,128,000pounds per square inch. 



H. Doc. 22, 69-1 2 
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CONOBETK AND MOBTAB OOLUVKB. 

No. 1666— Contdnued. 



Applied loads. 






Total. ^*J„X"' 


Compres- 
sion. 


Set. 


Remarks. 


Pounds. 
140,280 
146,960 
158,640 
160,820 
167.000 


Pounds. 
1,060 
1,100 
1,150 
1,200 
1,250 

600 


Inch. 
.0305 
.0652 
.0406 
.0469 
.0685 

.0900 
.0691 

.0648 
.0780 
.1160 


Inch. 
.0116 
.0142 
.0178 
.0216 
.0251 

.0254 
.0254 

.0627 
.0488 
.0746 


( 




600 

1,800 
1,350 
1,400 




173,680 
180,860 . 
187,040 


Ultimate strength. | 



Column failed at middle of its length; opened longitudinal and 
oblique cracks. 



CONCRETE AND MO&TAK COLUMNS. 

No. 16G8. 
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1:2:5 Mixture. 

ReSQforced with cafs^e of 3-inch mesh expanded oietal, without steel 
lathing. 

Expanded metal, ".16 wide by ".13 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 
W% 5. 

Affe, set in air, 3 months 8 days. 

Weight of column, total, 1,495 pounds. 

Weight of concrete, 1,474.5 pounds =148. 9 pounds per cubic foot. 

Weight of expanded metal, 20.5 pounds. 

Height of column, 96.14 inches. 

Diameterof column, 14.70 inches: sectional area, gross, 178. 75 square 
inches. 

Gauged length, 50". 



Applied loads. 


Total. 


Per (square 
Inch. 


Pimndg. 


Pounds. 


17,876 


100 


26,813 


160 


35,750 


200 


44.688 


260 


58,625 


800 


62,663 


360 


71,500 


400 


80,438 


460 


89.375 


600 


98,313 


560 


107,250 


600 




600 , 



116,188 
125,125 
184,068 
148,000 
151,968 
160,875 
169,818 
178,760 



In gauged length. 



Compres- ^. 

Blon. "*^^- 



650 . 
700 I 
750 I 
800 
860 I 
900 I 
960 
1,000 



Inch. 
0. 

.0008 
.0016 
.0022 
.0083 
.0044 
.0064 
.0064 
.0077 
.0088 
.0100 

.0102 



Inch. 
0. 

0. 
.0008 
.0006 
.0006 
.0009 
.0010 
.0018 
.0017 
.0020 
.0028 

.10026 



0113 , 


.0029 


0128 1 


.0082 


0140 1 


.0086 


0166 ; 


.0040 


0170 1 


.0046 


0184 


.0051 


0200 1 


.0068 


0224 


.0069 



Remarlu. 



Initial load. Ty)aded with 12,000 pounds before 
testing. 



£ (100-400) ='3,247,000 pounds per square inch. 



E (600-1,000) ->2,582,000 pounds per square inch. 



356 



CONCRETE AND MOBTAB COLUMNS. 

No. 1668— Continued. 



Applied load. 


In gauged length. 


j 


Total. 


Per square 


CompreB- 
slon. 


Set. 


Remarks. 


Pounds. 


Pmmda. 
600 
600 

1,060 
1,100 
1,160 
1,200 
1,250 

600 


Inch. 
.0158 
.0157 

.0241 
.0262 
.0288 

.0354 

.0287 
.0285 

.0405 
.0468 
.0582 
.0660 


Inch. 
.0069 
.0069 

.0075 
.0066 
.0097 
.0112 
.0180 

.0131 
.0131 

.0159 
.0192 
.0242 
.0662 






1 


187,688 
196,625 
206,663 
214.500 
228,438 


1 
i 




600 




282,875 
241,818 
260,260 
269,188 


1,300 
1,350 
1,400 
1,450 


1 
Ultimate strength. 



Failed at a plac^e about 2 feet from lower end; opened longitudinal 
and oblique cracks. 



CONCRETE COLUMN UO. V^H. APPEARANCE AC^TER ^ESTING. 
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CONCRETE AND MORTAR Of)LUMN8. 
No. 1669. 
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1: 2: 5 Mixture. 

Reilnf orced with cage of 3-inch mesh expanded metal, wrapped with 
steel lathing. 

Expanded metal, ".24 wide by ".13 thick; lathing, ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 
1¥% 5. 

Surface plastered with 1:2 mortar. 

Age, set in air, 3 months. 

Weight of column, total, 1,174 pounds. 

Weight of concrete, 1,133 pounds = 147.7 pounds per cubic foot. 

Weight of expanded metal and lathing, 41 pounds. 

Height of column, 95.70 inches. 

Diameter of column, 13.35 inches; sectional area, gross, 139.9b 
square inches. 

Gauged length, 50". 



Applied loedD. 


In gauged lengthii. 


Remarkfl. 










Total. 


Per square 
incn. 


Compres- 

SlOD. 1 


Set. 




Pmtnda. 


Poundt. 


Ijich, 


Inch. 




13,998 


100 


0- 


0. 


Initial load. Loaded with 11,000 pouudit be- 
fore testing. 


20,997 


150 


.0010 


.0004 




27,996 


200 


.0024 


.0006 




34,995 


250 


.0096 


.0013 




41,994 


300 


.0052 , 


.0019 




48,998 


350 


.0068 


.0028 




55.992 


400 


.0090 ' 


.0083 




62,991 


450 


.0109 ; 


.0040 




69,990 


500 


.0182 


.0061 




76,989 


550 


.0159 


.0064 




83,988 


600 


.0186 


.0080 


E (100-600) — 2,381,000 pounds per square inch. 




600 


.0197 , 


.0089 




90,987 


650 


.0219 ' 


.0097 




97,986 


700 


.0249 , 


.0115 




104,965 


750 


.0289 


.0186 




111,984 


800 


.0827 


.0156 




118,988 


860 


.0880 


.0189 




125,982 


900 


.0434 


.0224 




182,981 


960 


.0491 


.0268 




139,980 


1,000 


.awo 


.0800 


E(600>1.000)al,879,000pounds per square inch. | 




600 


.0450 ' 


.0802 






600 


.0461 j 


.0802 


! 
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OONCBETE AND MOBTAR COLUMNR. 
No. 16f)9— Continued. 



Applied loadB. 


In gauiTMl lengthK. 




Total. 

i 


Per aqoare 
inch. 


Compros- 
aion. 


Set. 


Remarks. 


Pmmdt. 
146,979 
158,978 
160,977 
167,976 
174,975 


Ptmnds. 
1,060 
1,100 
1,150 
1,200 
1,250 

600 
600 

1,800 
1,350 
1,400 
1,460 
1,500 

600 
600 


Inch. 
.0612 
.0690 
.0761 
.0647 
.0926 

.0738 
.0784 

.1006 
.1125 
.1220 
.1888 
.1460 

.1168 
.1158 


Tnch. 
.0889 
.0392 
.0440 
.0500 
.0550 

.0663 
.0650 

.0615 
.0696 
.0766 
.0854 
.0943 

.0942 
.0942 
.0930 








181,974 
188,978 
196,972 
202,971 
209,970 


E (1.00a-l,5(l0)»>936,000pounf1fiperflquare Inch. 








Set aft^r 1 hour. 




200 
800 
400 
500 
600 
500 
400 
800 
200 

1.550 
1.600 
1,650 
1,700 
1,750 

600 

600 
200 
400 
600 
800 
1.000 
800 
600 
400 
200 
600 

1,800 


.0961 
.1006 
.1067 
.1104 
.1146 
.1123 
.1098 
.1054 
.1001 

.1605 
.1785 
.1952 
.2198 
.2675 

.2127 
.2126 
.1896 
.2014 
.2122 
.2228 
.2317 
.2278 
.2211 
.2126 
.1984 
.2152 
















































.094] 

.1068 
.1200 
.1829 
.1555 
.1864 

.1860 
.1858 




216,969 
228,968 
280,967 
287,966 
244,965 


lionsritndlnal orackB at jointB of lathlnif. 























































.1892 
.1886 








261,964 


Ultimate strength. 







The column gradually shortened as its sustaining power was reduced. 
When the load had fallen to 220,000 pounds the total height of the 
column was 94". 90. The test was then discontinued. The concrete 
at middle of height of column was disintegrated, cement and loose 
pebbles falling out when the lathing was removed. 



CONCRETE AND MORTAR COLUMNS. 

No. 16(53. 
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1:2:5 Mixture. 

Beenforced with cage of 3-inch mesh expanded metal, wrapped in 
steel lathing. 
Expanded metal, ".23 wide by. ".12 thick; lathing, ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 
li"), 5. 

Surface plastered with 1:2 mortar. 

Age, set in air, 1 month 22 days. 

Weight of column, total, 1,152 pounds. 

Weight of concrete, 1,111 pounds = 150.1 pounds per cubic foot 

Weight expanded metal and lathing, 41 pounds. 

Hei^t of column, 96.66 inches. 

Diameter of column, 13.05 inches; sectional area, gross, 133.76 
square inches. 

Gauged length, 50". 



Applied loads. 


In gauged len^rth. 


Remarks. 










Total. 


Per square 
inch. 


Compras- 
Bion. 


8i-t, 




Pounds. 


Poundt. 


Inch. 


Inch. 




18,876 


100 


0. 


f 


Initial load. I>oaded with 10,000 pounds before 
testlnif. 


20,064 


160 


.0010 


.0002 




26.7S2 


200 


.0019 


.0004 




38,440 


260 


.0028 


.0005 




40,128 


300 


.0037 






46,816 


850 


.0045 


.0008 




53,604 


400 


.0055 


.0010 




60,192 


460 


.0064 


.0011 




66,880 


GOO 


.0076 


.0013 




73,568 


660 


.0086 


.0015 




80,256 


600 


.0097 


.0018 


E (100-600) - 3,086.000 pounds per square inch. , 




600 
650 


.0100 
.0110 


.0019 
.0022 


1 


86.944 




98,682 


700 


.0120 


.0025 




100,820 


760 


.0180 


.0028 


' 


107,006 


800 


.0141 


.0081 


■ 


118,696 


850 


.0164 


.0045 


Rested k hour. Change in temperature of j 
room. 


120,884 


900 


.0178 


.0047 




127,072 


960 


.0188 


.0048 




188,760 


1,000 


.0196 


.0051 


£ (600-1,000) « 8,090,000 pounds per square 
inch. 




600 
600 


.0186 
.0189 


.0052 
.0052 
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OONOEETE AND MOBTAR COLUMNS. 

No. 1663— Continued. 



Applied loads. 



Total. 



Pounds. 
140,448 
147,186 
153,824 
160,612 
167,200 



173,888 
180,576 
187,264 
198,962 
200,640 



207,328 
214,016 
220,704 
227,892 
234,060 



240,768 
247,466 
254,144 
260,832 
267,620 



274,208 
280,896 
287,684 

334,000 



Per square 
inch. 



Pound; 
1,060 
1,100 
1,160 
1,200 
1,260 

600 
600 

1,800 
1,860 
1,400 
1,450 
1,600 

600 
600 

1,660 
1,600 
1,660 
1,700 
1.750 

600 
600 

1,800 
1,860 
1,900 
1,950 
2,000 

600 
600 

2,050 
2,100 
2,160 

2,497 



In gauged length. 



Compres- 
sion. 



Inch. 
.0210 
.0221 
.0288 
.0252 
.0269 

.0164 
.0164 



.0297 
.0317 
.0837 
.0365 

.0202 
.0197 

.0868 
.0388 
.0406 
.0425 
.0449 

.0251 
.0260 

.0471 
.0497 
.0525 
.0546 
.0580 

.0319 
.0317 

.0611 
.0648 



Set. 



Remarks. 



Inch. 
.0053 
.0059 
.0066 
.0070 
.0075 

.0075 
.0075 

.0078 
.0084 
.0091 
.0099 
.0106 

.0106 
.0103 

.0111 
.0120 
.0129 
.0136 
.0149 

.0148 
.0147 

.0161 
.0169 
.0181 
.0191 
.0208 



.0208 

.0224 
.0247 
.0265 



£ ( 1,000-1,600) » 2,451,000 pounds per square 
Inch. 



R (1,600-2,000)— 2,033,000 pounds per square 
inch. 



Longitudinal crapks in plastering. 
I Tl timate strength . 



Plastering flaked off and column yielded near the lower end, 
expanding tne metal cage. 



CONCRETE AND MOKTAR (MILUMNS. 

No. 1664. 
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1:2:5 Mixture. 

Reinforced with cage of 3-inch mesh expanded metal, wrapped in 
steel lathing. 

Expanded metal, ".31 wide by ".13 thick; lathing ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 
li"), 5. 

Surface plastered, with 1:2 mortar. 

Age, set in air, 1 month 23 days. 

Weight of column, total, 1,133 pounds. 

Weight of concrete, 1,083 pounds= 146.0 pounds per cubic foot. 

Weight of expanded metal and lathing, 50 pounds. 

Heignt of column, 96.20 inches. 

Diameter of column. 13.12 inches; sectional area, gross, 135.19 
square inches. 

Gauged length, 50". 



KeniMrkH. 



Applied loads. 


In gauged leuKth. \ 


Total. 


Per square 
Inch. 


Compre»- 
Blon. 

Inch, 


1 
Set. , 


Poundt. 


. Pounds. 


Inch. 


13,619 


100 


0. 


0. 


20,279 


160 


.0012 


.0004 


27,088 


200 


.0020 


.0006 


88,798 


260 


•0029 


.0006 


40,667 


300 


.0039 


.0010 


47,817 


860 


.0048 


.0012 


54,076 


400 


.0059 


.0014 


60,886 


450 


.0070 


.0017 


67,606 


600 


.0079 


.0019 


74,866 


660 


.0089 


.0020 


81,114 


600 


.0100 


.0028 




600 
660 


.0102 
.0111 


.0024 
.0026 




87,874 


94,688 


700 


.0128 


.0029 


101,898 


760 


.0188 


.0082 


108,162 


800 


.0160 


.0087 


114,912 


860 


.0164 


.0041 


121,671 


900 


.0180 


.0047 


128,481 


950 


.0198 


.0062 


135,190 


1,000 


.0207 


.0067 




600 
600 


.0148 
.0144 


.0058 
.0067 





Initial load. Ixiaded with 9,000 pouiidn before 
testing. 



£ (100-600) -3,247,000 poundn (»er M(|imre inch. 



E (600-1.000) -«2,740,000 poundm per squara 
Inch. 
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CONCRETE AND MORTAR COLUMNS. 

No. 166i— Continued. 



Applied loads. 


In gauge 

Comprefl- 
slon. 


d length. 

Set. 

Inch. 
.0064 
.0072 
.0080 
.0067 
.0094 

.0094 
.0008 

.0107 
.0116 
.0127 
.0188 
.0154 

.0165 
.0166 

.0164 
.0177 
.0194 


Remarks. 


Total. 


Per square 
Incn. 


Pounds. 
141,950 
148,709 
156,469 
162,228 
168,988 


Founds. 
1,060 
1,100 
1,160 
1,200 
1,260 

600 
600 

1,900 
1,850 
1,400 
1,450 
1.600 

600 
600 

1,660 
1,600 
1,660 

1.968 


Inch. 
.0225 
.0244 
.0264 
.0284 
.0904 

.0198 
.0190 

.0928 
.0648 
.0874 
.0999 
.0430 

.0263 
.0263 

.0449 
.0479 
.0610 


E (1,000-1,500) -=1.984,000 pounds per square 
inch. 

Plastering crarked near lower end of column. 
Ultimate ntrength. 




175,747 
182,607 
139,266 
196,006 
202,786 




209,545 
216,804 
223,064 

264,000 









Column failed 15 inches from the lower end. Cage expanded locally. 



OONCRETK AND MORTAR OOLVMNS. 
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1:3:6 Mixture. 

Reinforced with cage of 3-inch mesh expanded metal, wrapped in 
steel lathing. 
Expanded metal, ".23 wide by ".13 thick; lathing, ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 3; trap rock (i" to 
W% 6. 

Surface plastered with 1 : 2 cement mortar. 

Age, set in air, 2 months 2 days. 

Weight of column, total, 1,071 pounds. 

Weight of concrete, 1,030 pouna8=138.5 pounds per (»ubic foot. 

Weight of expanded metal and lathing, 41 pounds. 

Height of column, 95.20 inches. 

I^iameter of column, 13.11 inches; sectional area, gross, 134.99 
square inches. 

Gauged length, SCV. 



Applied loads. 



Total. 



Pouftdt, 
18,499 

20,248 

26,998 

88,747 

40,497 

47,246 

58,996 

60,746 

67,495 

74,244 

80,994 

87,748 

94,498 

101,242 

107,992 

114,741 

121.491 

128,240 

184,990 

141,789 

148,489 

155,288 

161,988 

168,737 

175,487 

182,286 

188,986 
288,000 



Per square 
inch. 



PoundM. 
100 

150 

200 

260 

800 

860 

400 

450 

500 

560 

600 

660 

700 

750 

800 

860 

900 

960 

1,000 

1,060 

1,100 

1,160 

1,200 

1,250 

1,800 

1,360 

1,400 
1,780 



In gauged length. | 



Compres- 
sion. 



Inch. 
0. 

.0015 
.0000 
.0047 
.0069 
.0086 
.0110 
.0185 
.0159 
.0191 
.0217 



.0881 
.0866 
.0406 
.0489 
.0600 
.0688 
.0607 
.0666 
.0722 
.0784 
.0876 
.0986 
.1055 

.1129 



Remarks. 



Set. 



Inch. 
0. 



Initial load. Loaded with 13,499 poandH be- 
fore testing. 



.0010 
'.'6024' 



.0061 



. 0068 I K (100-600) >-l,988,000 pounds per square inch. 



.0167 i I 

.'6e08' I 

.d26i' I £(600-1,000) -1,861,000 pounds persquareinch. , 



I 



.0418 

.oeai'i 



.0664 



Plastering cracked ciroomferentially, 8 feet 
from upper end. 

Ultimate strength. 
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OONCRETE AND MORTAR COLUMNS. 

No. 1641. 



1:3:6 Mixture. 

Reinforced with cage of 3-inch niosh expanded metal, wrapped in 
steel lathing. 

Expanded metal, ".31 wide bv ".13 thick; lathing, ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 3; pebbles (i" to 

li"). 6. 

Surface plastered with 1 : 2 cement mortar. 

Age, set in air, 2 months 2 days. 

Weight of colunm, total, 1,084 pounds. 

Weight of concrete, 1,034 pounas=142.1 pounds per cubic foot. 

Weight of expanded metal and lathing, 50 pounds. 

Height of column, 94.87 inches. 

Diameter of column, 13.36 inches; sectional area, gross, 140.18 
square inches. 

Gauged length, 60". 



Applied loads. 



In gauged length. 



Total. 



Pounds. 
14,018 

21,027 

28.036 

35,045 

42,a5-l 

49,063 

56.072 

63,081 

70.090 

77,099 

84. 

91, 

98, 

lOfi, 

112, 

119, 

126, 

133, 

140, 

147, 

154, 

161. 

168, 

175, 

182, 

189, 

196, 

202. 

244, 



Per square Comprefl- 
inoh. sion. 



Pounds. 
100 



Inch. 
0. 



108 
117 
126 
135 
144 
153 
162 
171 
180 
189 
198 
207 
216 
225 
234 
243 
252 
000 
000 



150 


.0012 


200 


.0026 


250 


.0044 


800 


.0063 


S60 


.0084 


400 


.0109 


460 


.0135 


600 


.0161 


550 


.0189 


600 


.0219 


650 


.0260 


700 


.0284 


750 


.0319 


800 


.0349 


850 


.0890 


900 


.0426 


980 


.0481 


1,000 


.0605 


1,050 


.0560 


1.100 


.0592 


1,150 


.0664 


1,200 


.0697 


1,250 


.0762 


1,300 


.0800 


1,350 


.0880 


1,400 


.0921 



Set. 



Inch. 
0. 



Remarks. 



Initial load. Ix)aded with 12,000 pounds be- 
fore testing. 



.0006 

'.*6622' I 
.6643 I 
'.'6676'" 

. uioo K ( 1(>0-6(K)) ^2.101.000 pounds per square inch. 
*!6i37* 
'.6i68"' 

".irzii 

.6253' 

.0362' 
■.'636i" 

'"()42i' 

"."64%' 



I 



K (tkW-l.OOOi =^1.504,000 pounds persquare inch. 



I 



Plastering flaked off. 
Ultimate strength. 



Cohimn failed near its upper end. Oblique line of fracture. 
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No. 1660. 
1:2:5 Mixture. 

Reenforced with cage of 3-inch mesh expanded metal, wrapped in 
steel lathing; also with 4 steel bars, each 94.20 inches long. 
Expanded metal, ".16 wide by ".13 thick; lathing, ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 

in, 5. 

Surface not plastered. 

Age, set in air, 1 month 18 days. 

W eight of column, total, 970 pounds. 

Weight of concrete, 930.5 pounds =143. 2 pounds per cubic foot. 

Weight of expanded metal and lathing, 32.5 pounds. 

Weight of steel bars, 7 pounds. 

Height of column, 94.20 inches. 

Diameter of column, 12.40 inches; sectional area, gross, 120.76 
square inches. 

Sectional area of steel bars, ".*25X".25= n".0625x4=".25 square 
inch. 

Gauged length, 50". 



Applied loads, 
squ 

QCh, 



Total. 



Pounds. 
12,076 

18, 114 
24.152 

3o,igo 

36,228 
42,266 
48,304 
M,342 
60,380 
66,418 

72.456 



Per square 
inci 



Pounds. 
100 

160 
200 
260 
300 
360 
400 
450 
600 
550 

600 



In gauged length. 



Compres- 
sion. 



Inch. 
0. 

.0007 
.0019 
.0081 
.0047 
.0064 
.0081 
.0101 
.0124 
.0144 

.0168 





600 
600 

660 


.0172 




.0177 


78,494 


.0195 


84,532 


700 


.0224 


90,570 


760 


.0268 


96,606 


800 


.0294 


102,646 


860 


.0829 


106,684 


900 


.0875 



Set. 



Inch. 
0. 



.0002 
.0008 
.0018 
.0018 
.0028 
.0031 
.0040 
.0019 
.0058 
.0065 

.0061 
.0066 

.oon 

.0085 
.0101 
.0121 
.0187 
.0160 



RemarkN. 



Initial load, 
testing. 



Loaded with lO.OOU poundj^ before 



£ ( 100-600) s>2.278,000 pounds per square inch. 
Set after resting 90 minutes. 
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CONCRETE AND MOBTAR OOL0MN8. 

No. 1660— Continued. 



Applied loads. 



Total. 



Ptmnds. 
114,722 
120,760 



126.798 
182,886 
188,874 
144,912 
160,960 



166,968 
168,026 
169,064 
176,108 
181,140 



187,178 
198,216 
199,264 
206,292 
211,880 



Per nuare 
incn. 



Poundi. 

960 

1,000 

600 
600 
600 

1,060 
1,100 
1.160 
1,200 
l,2f0 

600 
600 
600 

1,800 
1,880 
1,400 
1.460 
1.600 

600 
600 
600 

1,660 
1,600 
1,660 
1,700 
1,760 

600 
600 
600 



217,868 . 
228,406 I 
229,444 I 



In gauged length. 



Gompree- 
■ion. 



600 
600 
600 



Inch. 
.0428 
.0471 

.0875 
.0875 
.0176 



Set 



Inch. 
.0186 
.0206 

.0206 
.0906 
.0207 



.0620 


.0228 


.0680 


.0261 


.0646 


.0297 


.0718 


.0848 


.0784 


.0886 



.0601 
.0601 
.0601 

.0681 
.0966 
.1088 
.1171 
.1269 

.0986 



.0882 
.0884 
.0686 

.0466 
.0519 
.0617 
.0679 
.0766 



.0760 
.0968 .0749 
.0968 I .0750 



Remarka. 



K (600-1,000) =1,290,000 pounds per aqiiare 
inch. 



E (1,000-1.600) < 
incn. 



s 1,004,000 pounds per square 



.1886 
.1600 
.1640 
.1800 
.1956 

.1665 
.1569 
.1669 



1,800 


.2226 


1,860 


.2605 


1,900 


.2966 



.2526 
.2626 
.2627 



.0646 
.0949 
.1043 
.1178 
.1810 , 

.1806 i 
.1306 i 
.1806 

.1685 , 

.1808 

.2254 ' Ultimate strength. 

.2262 i 

.2266 

.2266 



Failure occurred about 8 feet from the lower end of the column, 
upon reapplication of higher stresses. 
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1:3:6 Mixture. 

Reinforced with cage of 3-inch expanded metal., wrapped in steel 
lathing; also with 4 steel bars, each 95 inches long. 
Expanded metal, 'M6 wide by ".13 thick; lathing, ' .024 thick. 




Composition^ by volume: Alpha cement, 1; sand, 3; pebbles (i" to 

in, 6. 

Surface not {)lastered. 

Age, set in air, 1 month 22 days. 

Weight of column, total, 981 pounds. 

Weight of concrete, 940 pounds =145. 7 pounds per cubic foot. 

Weight of expanded metal and lathing, 34 pounds. 

Weight of steel bars, 7 pounds. 

Heignt of column, 95 inches. 

Diameter of column, 12.30 inches; sectional area, gross, 118.82 
square inches. 

Sectional area of steel bars, ".25x".25=n".0625X4=".25 square 
inch. 

Gauged length, 50". 



Applied loadit. 


In gauge 


d length. 


^ 






1 Remarks. 


Total. 


Per square 
Inch. 

PountUi. 


Compres- 
sion. 

Inch. 


Set. 


Pounds. 


Inch. 


11,882 


100 


0. 


0. 


Initial load. Loaded with 9,000 pounds before 
testing. 


17,823 


160 


.0012 


.0004 




28,764 


200 


.0025 


.0007 




29,706 


260 


.0040 


.0010 




36,646 


800 


.0064 


.0016 




41.687 


360 


.0078 


.0022 




47,628 


400 


.0091 


.0027 




68,409 


460 


.0110 


.0086 




59,410 


600 


.0182 


.0048 


66.861 


660 


.0160 


.0061 ! 


71,292 


600 


.0179 


.0064 


£ (100-600) -2.174,000 poundM per square inch. 




600 


.0184 


.0068. 






600 


.0188 


.0071 




77,238 


660 


.0208 


.0077 




88,174 


700 


.0229 


.0088 




89,116 


760 


.0260 


.0103 




96,066 


800 


.0296 


.0120 




100,997 


860 


.0887 


.0141 




106,988 


900 


.0886 


.0165 




112,879 


960 


.0484 


.0191 




118,820 


1,000 


.0479 


.0214 


£ (600-1,000) »1.2.'i0,000 pounds per square inch. 
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COirCEETE AND MORTAR COLUMNS. 

No. 1662— Continued. 



Applied loads. 



Total. 



I I^uniU. 



124,761 
180,702 
136,643 
142,684 
148,525 



154,466 
160,407 
166,348 
172,289 
178,230 



184,171 
190,112 j 
196,063 



198,000 



Pounds. 
600 
600 

1,060 
1.100 
1,160 
1,200 
1.260 

600 
600 
600 

1,800 

1,360" 

1,400 

1,460 

1,600 

600 
600 

1,550 
1,600 
1,650 



600 
600 



In gauged length. 


ompres- 
Hion. 


Set. 


Inch. 
.0379 
.0879 


Inch. 
.0218 
.0216 


.0688 
.0600 
.0669 
.0710 
.0789 


.0246 
.0281 
.0320 
.0340 
.0896 


.0602 
.0692 
.0690 


.0898 
.0893 
.0392 


.0866 
.0966 
.1067 
.1169 
.1289 


.0450 
.0619 
.0591 
.0664 
.0760 


.0994 
.0991 


.0761 
.0760 


.1410 

.1585 
.1790 


.0850 
.0991 


.0260 
.0260 


.0005 1 
.0007 ■ 



Remarks. 



Rested i hour. 



£ (1,000 -1,600) =>984,000 pounds per square inch. 



Micrometer disturbed. 

Reset at sero under initial load. 



Ultimate strength. 



Column failed about 2' 9" from lower end. 
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1:2:6 Mixture. 

Reinforced with cag^ of 3-inch mesh expanded metal, wrapped in 
steel lathing; also with 4 steel bars, each 94.20 inches long. 
Expanded metal, ".31 wide by ".13 thick; lathing, ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 

li"), 5. 

Surface not j)lastered. 

Affe, set in air, 1 month 27 days. 

Weight of column, total, 1,048 pounds. 

Weight of concrete, 972.6 pounds =147. 6 pounds per cubic foot. 

Weight of expanded metal and lathing, 60 pounds. 

Weight of steel bars, 26.6 pounds. 

Height of column, 94.20 inches. 

Diameter of column, 12.66 inches; sectional area, gross, 123.70 
square inches. 

Sectional area of steel bars, ".66 diam. = n ".2376x4=. 9b square 
inch. 

Gauged length, 60". 



Applied loads. 


Iii gauged length. 




1 






Remarks. 


Total. 


Per square 
inch. 


Compre»- 
sion. 


Set. 




Ptmndt. 


Pamidi, 


Inch. 


Inch. 




12.370 


100 


0. 


0. 


Initial load. Loaded with 11,000 pounds be- 
fore testing. 


18,666 


160 


.0010 


.0001 




24.740 


200 


.0021 


.0002 




90,926 


260 


.0084 


.0006 




87,110 


800 


.0048 


.0006 




48,296 


860 


.0060 


.0018 




49,480 


400 


.0071 


.0019 




66.666 


460 


.0066 


.0024 




61,860 


500 


.0101 


.0028 




68,036 


660 


.0120 


.0067 




74,220 
80,406 
86,690 


600 
650 
700 


.0181 
.0145 
.0161 


.0088 
.0040 
.0048 


E ( 100-600) »2,688,000 pounds per squarp inch. 




•2,776 


760 


.0181 


.0049 




98,960 


800 


.0200 


.0065 




106,145 


860 


.0219 


.0060 




Ul,330 


900 


.0241 


.0065 




117,616 


960 


.0262 


.0071 




128,700 


1,000 


.0283 


.0077 


£ (600-1,000) -1,770,000 pounds per square 
inch. 


H. I> 


DC. 22. 69- 


1 24 
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CONCRETE AND MOBTAK COLUMNS. 

No. 1659— Continued. 



•Applied loads. 



Total. 



POUTUU. 



I 129.885 

I 186.070 

142,256 

148,440 

154.625 



160,810 
166,995 
178,180 
179.365 
185,560 



191.785 
197,920 
204,106 
210,290 
216,475 



222,660 
228,845 
285,080 
241,215 
247.400 



Per square 
incn. 



Pounds. 
600 
600 
600 

1,060 
1,100 
1,150 

1,200 

1,260 

600 
600 
600 

1,300 
1,850 
1,400 
1,460 
1.600 

600 
600 
600 

1,560 
1.600 
1.660 
1,700 
1,760 

600 
600 

600 




2,804 



In ganged length. 



Compres- 
sion. 



Inch. 
.0206 
.0207 
.0207 



.0368 
.0898 
.0488 

.0296 
.0296 
.0296 

.0482 
.0620 
.0667 
.0611 
.0667 

.0445 

.0444 
.0444 

.0728 
.0791 
.0866 
.0928 



.0091 
.0600 
.0687 



1,800 


.1096 


1,850 


.1196 


1,900 


.1298 


1,950 


.1421 


2,000 


.1586 


600 


.1186 


600 


.1129 


600 


.1128 


200 


.0960 


400 


.1048 


600 


.1124 


800 


.1195 


1,000 


.1264 


1,200 


.1828 


1,000 


.1294 


800 


.1249 


600 


.1190 


400 


.1112 


200 


.1000 



Remarks. 



Set. 



Inch. 
.0077 
.0078 
.0077 

.0064 
.0090 
.0098 
.0108 
.0096 
.0120 

.0121 
.0128 
.0123 

.0187 
.0161 
.0179 
.0201 
.02^ 



.0284 



.0618 
.0866 
.0414 
.0469 

.0470 
.0470 
.0470 

.0549 
.0684 
.0719 
.0826 
.0927 

.0922 
.0923 
.0922 



Set after resting 16 houni. 



£ (1,000-1,600) ^1,096,000 pounds per square 
inch. 



.0980 



£ (1.600-2,000) 
inch. 



■1,487,000 pounds per square 



Ultimate strength. 



Failure occurred about 2 feet from tlie lower end of the column. 
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No. 1657. 
1:3:6 Mixture. 

Reinforced with caee of 3-iQch mesh expanded metal, wrapped in 
steel lathing; also with 4 steel bars, each 95".80 long. 
Expanded metal, ".31 wide by ".18 thick; lathing, ".024 thick 




(imposition, bv volume: Alpha cement, 1; sand, 3; pebbles (i" to 
li"), 6. 
Surface not plastered. 
Age, set in air, 1 month 3 days. 

we\; ■ ^ ■ 

Weight of concrete, 962 pounds = 140.2 pounds per cubic foot. 

fias. 



eight of column, total, 1,038 pounds. 

eight of concrete, 962 pounds = 140.5 
Weight of expanded metal and lathing, 50 pounc 
Weight of steel bars, 26 pounds. 
Heignt of column, 95.80 inches. 



Diameter of column, 12.69 inches; sectional area, gross, 126.48 
square inches. 

Sectional area of steel bars, ".55 diam. = n".2375x4= .95 square 
inch. 

Gauged length, 50". 



Applied loads. 


Ingau^e 


d length. 


Remarks. 








Total. 


Per square 
inch. 

Pounds. 


Compres- 
sion. 

- 
Inch. 


Set 
Inch. 




Ptmndt. 




12.648 


100 


0. 


0. 


Initial load. Loaded with 17,000 pounds before 
testing. 


18, 972 


160 


.0016 


.0004 




25.296 


200 


.0065 


.0010 




31,620 


260 


.0055 


.0015 




37,944 


300 


.0076 


.0028 




44,268 


850 


.0097 


.0029 




60,892 


400 


.U120 


.0035 




66,916 


450 


.0143 


.0048 




63,240 


500 


.0169 


.0060 




69,564 


550 


.0196 


.0061 




76,888 


600 


.0228 


.0071 


& (100^600) » 1,592,000 pounds per wiiinre \uv\k 


82,212 


650 


.0260 


.0083 




88.586 


700 


.0295 


.0094 




94,860 


760 


.0342 


.0113 




101,184 


800 


.0688 


.0119 




107,506 


850 


.0410 


.0128 




118,882 


900 


.0449 


.0138 




120,156 


950 


.0498 


.0155 




126,480 


1,000 


.0665 


.0175 


R (600-1,000) >*897,000 poundn per HqiiHrf incli. 


182,804 


1,060 


.0615 


.0205 




139,128 


1.100 


.0680 


.0225 
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No. 1667— Continued. 



Applied loads. 



Total. 



Pounds. 
146,462 
161,776 
168,100 
164,424 
170,748 
177,072 
183,896 
189,720 

196,044 
202,868 



Per square 
Incn. 



In ganged length. 



208,692 
216,016 I 

226,800 ' 



Pounds. 
1.160 
1,200 
1,280 
1,800 
1,860 
1,400 
1,460 
1,500 

1,660 
1,600 

600 
600 
600 
600 

1.000 
600 
600 

1,000 

600 



1.660 I 
1,700 ! 

1,793 . 



Compres- 
sion. 



Inch. 
.0789 
.0819 

.ooeo 

.1086 
.1201 
.1820 
.14M 
.1609 

.1770 
.1968 

.1581 
.1580 
.1581 
.1580 
.1756 
.1648 
.1598 
.1759 

.1648 



.2200 
.2490 



Set. 



Inch. 
.0256 
.0824 
.0420 
.0606 
.0665 
.0762 
.0679 
.1012 

.1160 
.1880 

.1826 
.1326 
.1327 



Remarks. 



£ (1,000-1,500) = 1,1.^2,000 pounds per square 
inch. 



.1341 

. 1335 I Set after resting 2 minutes. 

.1543 ! 
.1802 



Ultimate strength. 



Column failed 2 feet from lower end. 
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1:3:6 Mixture. 

Reinforced with cage of 3-inch mesh expanded metal, wrapped 
steel lathing; also with 4 steel bars, each 94".20 long. 
Expanded metal, ".16 wide by ".13 thick; lathing ".024 thick. 



m 




Composition, by volume: Alpha cement, 1; sand, 3; pebbles (i" to 

in, 6. 

Surface not plastered. 



Age, set in air, 1 month 18 days. 
Weififht of < ' 



iight of column, total, 1,006 pounds. 

Weight of concrete, 930 pounds = 141.3 pounds per cubic foot 

Weight of expanded metal and lathing, 38 pounds. 

Weight of steel bars, 43 pounds. 

Height of column, 94.20 inches. 

Diameter of column, 12.54 inches; sectional area, gross, 123.50 square 
inches. 

Sectional area of steel bars, ".63x ".63=n".3969x4-1.59 square 
inches. 

Gauged length, 50". 



Applied loads. 


In gauged length. 












RemarkA. 


Total. 


Per square 
inch. 


.Compreao- 
slon. 


Set. 




Pounds. 


PoundM. 


Inch. 


Inch. 




12,850 


100 






InltUl load. Loaded with 10,000 poundn before 
tenting. 


18,625 


150 


.0016 


.0003 




24,700 


200 


.0082 


.0006 




30,875 


260 


.0049 


.0011 




87,060 


800 


.0066 


.0015 




48,226 


860 


.0066 


.0019 




49,400 


400 


.0108 


.0024 




65.676 


460 


.0125 


.0027 




61,760 


600 


.0148 


.0065 




67,926 


660 


.0171 


.0040 




74,100 


600 


.0198 


.0044 


E (100— 600) ->1, 678,000 poundii per square inch. 


80,276 


660 


.0218 


.0048 




86,460 


700 


.0289 


.0068 




92,025 


750 


.0268 


.0069 




96,800 


800 


.0298 


.0064 




104,975 


860 


.0620 


.0066 




111,160 


900 


.0867 


.0069 




117,826 


960 


.0889 


.0078 




128,600 


1,000 


.0417 


.0076 


E (600-l,0Q0)-1.066,000poandaper square inch. 




600 
600 
600 


.0909 
.0909 
.0610 


.0074 
.0076 
.0076 
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CONOBETE AND MOBTAB COLUMNS. 

No. 1668— Continued. 



. Applied loads. 


In gao^red length. 


Remarks. 


Total. 


Per Muare 
inch. 


Compres- 
sion. 


Set. 

Inefi. 
.0074 
.0074 
.0095 
.0118 
.0161 
.0217 
.0805 
.0885 
.0486 
.0588 

.0587 


Pound*. 
129,675 
189,860 
142,025 
148,200 
154,875 
160,550 
166,725 
172,900 
179,075 
185,250 


Pounds. 
1,060 
1,100 
1,150 
1,200 
1,250 
1,800 
1,850 
1,400 
1,450 
1.500 

600 
600 
600 

1,550 
1,600 

1,650 

600 
600 
600 


Inch. 
.0447 
.0458 
.0519 
.0664 
.0628 
.0090 
.0785 
.0869 
.0965 
.1094 

.0818 


E (1,000-1,500) -1,479,000 pounds per square 




.0816 .0587 
.0816 ! -.0587 






Set after resting 46 minutes. 


191,425 
197,600 

203,775 


.1220 
.1848 

.1478 

.1128 
.1129 
.1129 

.1626 
.1828 

.1454 
.1451 
.1450 

.2040 

.1689 
.1687 
.1637 


.0690 

.0805 

f .0919 

1 .0910 

.0915 




.0916 
.0916 • 

.1050 , 
.1241 1 

.1248 
.1242 
.1241 




209,950 
216,125 


1,700 
1,750 

600 
600 
600 

1,800 

600 
600 
600 

1,911 

1 






222,300 


.1428 

.1426 
.142(> 
.1427 












286,000 


Ultimate strength. 











Failed near middle of length. 
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No. 1661. 

1:2:5 Mixture. 

Reinforced with ca^e of S-inch mesh expanded metal, wrapped in 
steel lathing; also with 4 steel bars, each 95.85 inches long. 
Expanded metal, ".23 wide by ".13 thick; lathing, ".024 thick. 




Composition, by volume: Alpha cement, 1; sand, 2; pebbles (i" to 
H"), 5. 

Surface not plastered. 

Age, set in air, 1 month 27 days. 

^^ight of column, total, 1,070 pounds. 

Weight of concrete, 986 pounds = 141.5 poupds per cubic foot. 

Weight of expanded metal and lathing, 41 pounos. 

Weight of steel bars, 43 pounds. 

Heignt of column, 95.85 mches. 

Diameter of column, 12.80 inches; sectional area, gross, 128.68 
square inches. 

Sectional area of steel bars, ".63 X ".63 = D ".3969 X 4 = 1.59 square 
inches. 

Gauged length, 50". 



Applied loads. 


In gauged length. 












RemarlcR. 


Total.^ 


Peraquare 
inch. 


Compres- 
sion. 


Set. 




Poundi. 


Pounds. 


Inch. 


Inch. 




12,868 


100 


0. 


0. 


Initial load. I^naded with 10.000 pounds be- , 
fore testing. 


19,a02 


160 


.0017 


.0006 




26,786 


200 


.0061 


.0011 




82,170 


260 


.0046 


.0016 


1 


88,604 


800 


.0068 


.0021 




46.088 


360 


.0078 


.0026 




61,472 


400 


.0096 


.0029 




67.906 


460 


.0118 


.0086 




64.840 


500 


.0128 


.0038 




70,774 


660 


.0144 


.0044 




77,208 


600 


.0168 


.0047 


£ (100-600) a» 2.166.000 pounds p*»r square Inch. 


88.642 


660 


.0180 


.0060 




90,076 


700 


.0198 


.0066 




96,610 


760 


.0218 


.0069 




102,944 


800 


.0288 


.0066 




109,378 


860 


.0260 


.0071 




116.812 


900 


.0280 


.0076 




122,246 


960 


.0810 


.0066 




128.680 


1,000 


.0880 


.0089 


B (600-1.000)^1.600.000 pounds per square inch. 
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OONCBETE AND MOBTAB COLUMNS. 

No. 1661— Continued. 



Applied loads. 



Total. 



POUTUU. 



135,114 
141,548 
147,982 
154,416 
160,860 



167,284 
1?3,718 
180,152 
186,586 
193.020 



199,464 
205,888 
202,822 
218.756 
225,190 



231,624 
238,058 
244,492 
250,926 
257,360 



263,794 
270,228 

281.000 



Per square 
inch. 



Pounds. 
600 
600 

1,050 
1,100 
1,150 
1,200 
1,250 

600 
600 

1,800 
1,350 
1,400 
1,450 
1,500 

600 
600 

1,560 
1,600 
1,650 
1,700 
1,750 

600 
600 

1,800 
1,850 
1,900 
1,950 
2.000 

600 
600 

2,050 
2,100 

2,184 



In gauged length. 



Compres- 
sion. 



Inch. 
.0245 
.0245 

.0855 
.0384 
.0406 
.0444 
.0461 

.0812 
.0314 

.0491 
.0525 
.0571 
.0615 
.0684 

.0458 
.0459 

.0730 
.0790 
.0843 
.0906 
.0965 

.0668 
.0666 

.1040 
.1106 
.1192 
.1299 
.1394 

.1015 
.1012 

.1500 
.1603 



Set. 



Inch, 
.0090 
.0090 

.0097 
.0104 
.0110 
.0119 
.0121 

.0128 
.0123 

.0132 
.0144 
.0170 
.0199 
.0249 



.0249 

.0280 
.0322 
.0368 
.0416 
.0465 

.M67 
.0469 

.0525 
.0580 
.0654 
.0747 
.0884 

.0631 



.0924 
.1009 



Remarks. 



E (1.000-1,500) < 
Inch. 



> 1,289,000 pounds per square 



£ (1,500-2,000) => 2,000.000 pounds per square 
inch. 



Ultimate strength. 



Failed about 2 feet from upper end. 
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CONOHETE AND MORTAB COLUMNS. 




oonobete and mortar 0olitmn8. 379 

Concrete and Mortar Columns. 

DEDUOED results ON REfiNFOROED COLUMNS. 

The following tables are deduced from the details of the tests, and 
show approximately the loads sustained by the concrete and by the" 
steel reinforcing bars for columns of different mixtures, with different 
amounts of reinforcing metal and under difrerent loads. 

The figures in the first five columns of each table are taken from the 
details of the tests. The loads in pounds per square inch of the second 
column refer to the gross sectional area of the concrete and steel taken 
together. 

The stresses on the bars shown in the sixth and seventh columns of 
the tables are computed from the resiliences on the gauged lengths, 
using a modulus of elasticity of 30,000,000 pounds per square inch for 
the steel. For example, the stress per square inch on the bars at 200 
pounds per square inch on the gross sectional area of column No. 1673 
IS found to be (30,000,000X ".0019)-^ 50=1,140 pounds, which, multi- 
plied by the sectional area of the bars, 4.50, gives the total load on 
them, 5,130 pounds. 

The figures in the eighth column, as indicated by the heading, are 
the differences between total loads on the column and those on the bars. 

The several successive increments of load on the concrete appear in 
the next column. 

In the tenth and eleventh columns are shown the relative loads on 
the concrete and the bars expressed in percentages, and have the same 
relations as those which exist between the figures in the eighth and 
seventh columns. 

The stresses per square inch on the concrete of the twelfth column 

are the quotients obtained from the figures of the eighth column divided 

by the net sectional area of the concrete. The ratios of stresses per 

. square inch of the bars to the concrete are shown in the last column of 

each table. 

In the computation of the stresses per square inch on the reinforc- 
ing bars, and on which the fibres of the tables in pail rest, no account 
is taken of the effect of the initial load on the column. 



380 



CONCRETE AND MORTAR COLUMNS. 

Mortar Column No. 1673. 



1:2 Mixture. Re6nf creed with 8 — i" twisted steel bars. Age, 5 
months 10 days. 

. Sectional area of column, gross, 158.13 square inches; net, 153.63 
square inches. 

Sectional area of steel bars, 4.50 square inches. 



Applied loadfl. 


On 

Com- 
pres- 
sion. 


TO" gauged 
length. 


Computed 
.•*tre.s8 on bars. 


Total 
strew 
on con- 
crete, 

by 
differ- 
ence. 


Incre- 


Per cent of 
load on- 


Stress 
per 
square 
inch 
on 
con- 
crete. 


Raao. 

pounds 
per 

square 
inch, 

bars to 
con- 
crete. 


Totiil. 


Per 
square 
Tnch. 


Set. 


Resili- 
ence. 


Per 
square 
inch. 


Total. 


ment 
on con- 
crete. 


Con- 
crete. 


Bars. 


Poujids. 


Lb9. 


Inch, 


Inch. 


Inch. 


Lbs. 


Pounds. 


Pounds. 


Pounds. 






Lbs. 




15.818 
31,626 


100 


0. 


0. 


0. 
















200 


.0022 


.0008 


.0019 


'i,'i46' 


"'5,' 130' 


"26,'4%* 


.y.V.'.V. 83*8" 


'i6.'2" 


"m 


"6.6" 
10.4 • 
12.3 


47,489 


800 


.0046 


.0005 


.0041 


2,460 


11,070 


36,369 


9,873 76.7 


23.8 


287 


63,252 


400 


.0069 


.0007 


.0062 


8,720 


16,740 


46,512 


10,143 73.6 


26.5 


303 


79.065 


500 


.0094 


.0009 


.0085 


6,100 


22,950 


66,115 


9,603 71.0 


29.0 


365 


14.0 


94,878 


600 


.0118 


.0010 


.0108 


6,480 


29,160 


65,718 


9, 603 69. 3 


30.7 


428 


16.1 


110,691 


700 


.0140 


.0012 


.0128 


7.680 


84,560 


76. 131 


10,413 68.8 


31.2 


496 


15.5 


126,604 


800 


.0162 


.0018 


.0149 


8,940 


40,280 


86,274 


10,148 68.2 


31.8 


561 


15.9 


142,317 


900 


.0184 


.0015 


.0169 


10, 140 


45,630 


96.687 


10,413 ; 67.9 


32.1 


629 


16.1 


158,130 


1,000 


.0204 


.0016 


.0188 


11,280 


50,7(iO 


107,370 


10,683 67.9 


32.1 


699 


16.1 


173,948 


1,100 


.0225 


.0019 


.0206 


12.360 


65,620 


118.323 


10,953 68.0 


32.0 


770 


16.1 


189,756 


1,200 


.0247 


.0020 


.0227 


13,620 


61,290 


128.466 


10,143 ; 67.7 


32.3 


836 


16.3 


2a5,569 


1,300 


.0265 


.0021 


.0244 


14,640 


05,880 


139.689 


11,223 68.0 


32.0 


909 


16.1 


221,882 


1,400 


.0283 


.0023 


.0260 


15.600 


70,200 


151,182 


11,493 


68.3 


31.7 


984 


15.9 


237,195 


1,500 


.0306 


.0025 


.0281 


16,860 


75,870 


161,325 


10, 143 


68.0 


32.0 


1,060 


16.0 


253,008 


1,600 


.0826 


.0026 


.0300 


18.000 


81.000 


172,008 


10,683 


68.0 


32.0 


1,1*20 


16.1 


268,821 


1,700 


.0344 


.002^ 


.0316 


18,960 


85,320 


183.501 


11,493 68.3 


31.7 


1.194 


15.9 


284,634 


1,800 


.0864 


.0030 


.0834 


20,040 


90,180 


194,464 


10,953 ; 68.3 


31.7 


1,266 


10.8 


300,447 


1,900 


.0385 


.0032 


.0353 


21,180 


95,310 


206,137 


10,683 68.3 


31.7 


1.335 


15.9 


316,260 


2,000 


.0404 


.0034 


.0370 


22,200 


99.900 


216,360 


11,223 


68.4 


31.6 


1.408 


15.8 


332,078 


2,100 


.041M 


.0035 


.0389 


'23,340 


105,030 


227,043 


10,683 


68.4 


31.6 


1.478 


15.8 


347,886 


2,200 


.0446 


.0038 


.0408 


24.480 


110.160 


237,726 


10,683 


68.3 


81.7 


1.547 


15.8 


363,699 


2,300 


.0466 


.0040 


.0426 125,560 


115,020 


248,679 


10,968 


68.4 


81.6 


1,619 


15.8 


379,512 


2,400 


.om 


.0040 


.0446 26,760 


120,420 


259,092 


10,413 


68.3 


31.7 


1,686 


15.9 


395,325 


2,500 


.ai08 


.0044 


.0464 j 27,840 


125,280 


270,046 


10,968 


68.8 


31.7 


1,758 


15.8 


411,188 


2,600 


.0530 


.0045 


.0485 


29,100 


130.950 


280,188 


10,148 


68.1 


31.9 


1,824 


16.0 


426,951 


2,700 


.0551 


.0047 


.05(M 


30,240 


136,080 


290.871 


10.683 


68.1 


31.9 


1,893 


16.0 


442,764 


2,800 


.0574 


.0050 


.0524 


81,440 


141.480 


301,284 


10,413 


68.0 


32.0 


1,961 


16.0 


458,577 


2,900 


.0598 


.0053 


.a345 


32, 700 


147. 150 


311,427 


10,143 


67.9 


32.1 


2,027 


16.1 


474,390 


8,000 


.0622 


.0065' 


.0667 


34.020 


158,090 


821,300 


9,878 


67.7 


32.3 


2,091 


16.3 


490,208 


8,100 


.0651 


.0066 


.0596 


36,700 


160,650 


329,663 


8,253 


67.2 


32.8 


2.146 


16.6 


506,016 


8,200 


.0679 


.0061 


.0618 


37,080 


166.860 


339,166 


9,603 


67.0 


33.0 


2,208 


16.8 


521,829 


3,300 


.0702 


.0064 


.0638 


38,280 


172,260 


349.569 


10,413 


67.0 


33.0 


2,275 


16.8 


537,642 


8,400 


.0730 


.0071 


.0659 


89,640 


177,930 


359.712 


10,143 


66.9 


33.1 


2,841 


16.9 


558,455 


8,500 


.0762 


.i)074 


.0688 


41,280 


185,760 


367,695 


7.983 


66.4 


33.6 


2.393 


17.3 


569,268 


8.600 


.0793 


.0080 


.0713 


42,780 


192,510 


376. 758 


9,063 


66.2 


:«.K 


2,452 


17.4 


585,061 


3,700 


.0830 


.0086 


.0744 


44. WO 


200,880 


3ai,201 


7.443 


65.7 


34.3 


2.501 


17.9 


. 600,894 


8,800 


.0871 


.0099 


.0772 146,320 


208, 440 


392.454 


8.263 


6.5.3 


34.7 


2,555 


18.1 


616,707 


3,900 


.0910 


.0105 


.0805 1 48, 300 


217,350 


399, 357 


6,903 64.8 


35.2 


2,599 


18.6 


632,520 


4,000 


.0952 


.0124 


.0828 


49,680 


223.560 


408.960 


9,6ai ; 64.7 


36.3 


2,662 


18.7 


648,333 


4,100 


.0997 


. 0143 


.0854 


51,240 


230,580 


417.753 8,79:^ 1 64.4 1 55.6 


2,719 


18.8 


664,146 


4.200 


ntin 


late strength. 
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Mortar Column No. 1690. 

1:3 Mixture. Reinforced with 8 — I" twisted steel bars. Age, 7 
months 21 days. 

Sectional area of column, gross, 157 square inches; net, 152.50 
square inches. 

Sectional area of steel bars, 4.50 square inches. 



Applied loads. 


On 50" gauged 
length. 


Computed 
stress on bars. 


Total 
stress 
on con- 
crete, 

dif^r- 
ence. 

Pounds. 


Incre- 


Per cent of 
load on — 


per 


p<Wlf»d» 

per 
SqlJure 

mn- 
erete. 


Totni. 


Per 
square 
inch. 

Lbs. 


Com- 
pres- 
sion. 


Set. 


ReaUi- 
ence. 


Per 
square 
inch. 


Total. 


ment 
on con- 
crete. 


r 

1 


!ir)Ujtre 

on 
Crete. 


Pounds. 


Inch. 


Inch. 


Inch. 


Lbs. 


Pounds. 


Pounds. 




15,700 


100 


0. 


0. 














.,.,.„f 


31.400 


200 


.0021 


.0001 


.6026' 


'i,'266" 


"'6,466' 


' 26,' 6667.--'-.-- 


ffl's* 


17/i 


"'m 


7.1 


47,100 


300 


.0044 


.0008 


.0041 


2,460 


11,070 


36,030 1 10,030 


76.6 


2a. 5 


TH\ 


10.4 


62,800 


400 


.0071 


.0005 


.0066 


3,960 


17,820 


44,980 ' 8,950 


71.6 


28.4 


295 


13.4 


78,500 


500 


.0096 


.0008 


.0088 


5,280 


23,760 


64,740 i 9,760 


69.7 


30.8 


359 


14.7 


W,200 600 


.0120 


.0009 


.0111 


6,6<» 


29,970 


64,230 9,490 


68.2 


31.8 


421 


15.8 


109,900 


700 


.0143 


.0010 


.0133 


7,980 


36,910 


73,990 9,760 


67.8 


32.7 


485 


16.6 


125,600 


80O 


.0167 


.0011 1 .0156 


9.860 


42,120 


83,480 


9,490 


66.6 


33.6 


547 


17.1 


141.300 


900 


.0189 


.0013 .0176 


10,560 


47,520 


93.780 


10,300 


66.4 


33.6 


615 


17.2 


157,000 


1,000 


.0211 


.0014 ' .0197 


11.820 


53,190 


103,810 


10,060 


66.1 


33.9 


681 


17.4 


172,700 


1,100 


.0282 


.0015 .0217 


18,020 


58,590 


114,110 


10,800 


66.1 


33.9 


748 


17.4 


188,400 


1.200 


.0253 


.0016 . .0237 


14.220 


63,990 


124,410 


10,800 


66.0 


84.0 


816 


17.4 


204.100 


1,300 


.0276 


.0018 1 .0257 


15.420 


69,390 


134,710 


10,300 


66.0 


84.0 


883 


17.5 


219,800 


1,400 


.0298 


.0020 ■ .0278 


16.680 


75,060 


144,740 


10,030 


66.9 


34.1 


949 


17.6 


235,500 


1,500 


.0320 


.0021 .0299 


17,940 


80,730 


154,770 


10,080 


66.7 


34.8 


1,015 


17.7 


251,200 


1,600 


.0343 


.0025 .0318 


19.080 


85,860 


166,340 


10, 570 


65.8 


34.2 


1,084 


17.6 


266,900 


1,700 


.0364 


.0027 , .0337 


20.220 


90,990 


176,910 


10,570 


66.9 


34.1 


1,153 


17.5 


282,600 


1,800 


.0388 


.0030 ! .0358 


21,480 


96,660 


185,940 


10,030 


66.8 


84.2 


1.219 


17.6 


298,300 


1,900 


.0411 


.0032 


.0379 


22,740 


102,330 


195,970 


10,030 


66.7 


84.3 


1,285 


17.7 


314,000 


2,000 


.0433 1 .0035 


.0398 


•23,880 


107, 460 


206,640 


10,570 


66.8 


84.2 


1,354 


17.6 


329,700 


2,100 


.ai58 1 .0038 


.0420 


25,200 


113,400 


216,300 


9,760 


65.6 


34.4 


1,418 


.17.8 


846,400 


2,200 


.0480 .0040 


.0440 


•26,400 


118,800 


226,600 


10,300 


66.6 


34.4 


1.486 


17.8 


361,100 


2,300 


.0r)06 ! .0044 


.0461 


27,660 


1-24,470 


236,630 


10,0.30 


65.5 


34.5 


1,552 


17.8 


376,800 ; 2,400 


.0534 .0047 


.0487 


29,220 


131,490 


245,310 


8,680 


66.1 


34.9 


1,609 


18.2 


392,500 1 2,500 


.0561 1 .0050 


.0511 


30,660 


137,970 


254,530 


9,2-20 


64.8 


35.2 


1,669 


18.4 


408,100 


2,600 


.0589 1 .0055 


.0534 132. (MO 


144,180 


264,020 


9,490 


64.7 


35.3 


1,731 


18.6 


603,000 


8,841 


Ultimate strength. 
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OONCBETE AND MOBTAB COLUMNS. 



MOSTAB CoLUliN No. 1691. 

1:4^ Mixture. Reinforced with 8 — I" twisted steel bars. Age, 
7 months 25 days. 

Sectional area of column, gross, 157.25 square inches; net, 152.75 
square inches. 

Sectional area of steel bars, 4.50 square inches. 



Applii*d loads. 


On 50" gauged 
length. 


Computed 
stress, on bars. Total 




Percent of 
load on— 


Strens 


Ratio, 
pounds 


-- 






'stress on 


Incre- 
ment 




per 
sauarr 
Inch 
on 
con- 
crete. 


per 
square 












con- 






Totol. 

1 


Per 

square 
Inch. 


Com- 
sion. 


Set 1^^"- 
*^^- ! ence. 


Per 
square 
Inch. 


Total. 


crete, by 
differ- 
enoe. 


on con- 
crete. 

Poundt 


Con- 
crete. 


Bars. 


Inch, 
ban to 
con- 
crete. 


1 

LPotmdt. 
r 16,726 


Lb$. 


Inch. 


Tnch. ! Inch. 


Pounds' Pound*'. \ thmiuU. 






Um. 




100 


0. 


0. 1 


















81,460 


200 


.0030 


.0002 ; .0028 


i.eao' 


7,560 


28,890 




'76.6' 


*24.6' 


"'ise' 


"'io.'n' 


47,175 


300 


.0069 


.0005 


.0064 


3,840 


17,280 


29.896 


"6,"6d5* 


68.4 


86.6 


196 


19.6 


; 62,900 


400 


.0104 


.0006 


.0096 


5,760 


25,920 


86,960 


7,086 


58.8 


41.2 


242 


28.8 


1 78,625 


500 


.0138 


.0009 


.0129 


7,740 


84,830 


48,795 


6,815 


55.7 


44.8 


287 


27.0 


H850 


600 


.0169 


.0010 


.0169 


9,540 


42,980 


61,420 


7,626 


54.6 


45.5 


887 


28.8 


110,075 


700 


.0198 


.0011 


.0187 


11,220 


60,490 


69,586 


8,166 


54.1 


46.9 


890 


28.8 


125,800 


800 


.0228 


.0012 1 .0211 


12,660 


66,970 


68,880 


9.245 


54.7 


45.8 


451 


28.1 


141,525 


900 


.0218 


.0015 


.0283 


18,960 


62,910 


78,615 


9,786 


56.6 


44.5 


514 


27.2 


i 167,260 


1,000 


.0272 


.0015 


.0257 


15.420 


69.890 


87,860 


9,246 


66.9 


44.1 


575 


26.8 


172,976 


1,100 


.0296 


.0015 


.0280 


16,800 


75,600 


97,876 


9,515 


56.8 


48.7 


687 


26.4 


188,700 


1,200 


.0320 


.0017 


.0303 


18,180 


81,810 


106,890 


9,515 


56.7 


48.3 


700 


26.0 


204,426 


1,300 


.0850 


.0025 


.0326 


19.500 


87,760 


116,675 


9,786 


57.1 


42.9 


764 


25.5 


220,160 


1,400 


.0874 


.0027 


.0347 


20,820 


98,690 


126,460 


9,786 


57.4 


42.6 


828 


26.1 


236,876 


1,500 


.0895 


.0029 


.0866 


21,960 


96.820 


187,055 


10,595 


58.1 


41.9 


887 


24.5 


261,600 1 1,600 


.0424 


.0031 


.0893 


28.580 


106, 110 


145.490 


8,485 


57.8 


42.2 


952 


24.8 


267,826 


1.700 


.0447 


.0032 


.0415 


24,900 


112,060 


166,275 


9,785 


58.1 


41.9 


1,017 


24.5 


288,060 


1,800 


.0478 


.0035 


.0443 


26,580 


119,610 


168,440 


8,165 


57.7 


42.8 


1,070 


24.8 


298,775 


1,900 


.0499 


.0089 


.0460 


27,600 


124,200 


174.675 


11,186 


58.4 


41.6 


1.148 


24.1 


314,500 


2,000 


.0525 


.0040 


.0485 


29,100 


130,950 


188,650 


8,975 


58.4 


ill. 6 


1,202 


24.2 


880,225 


2,100 


.0647 


.0040 


.0607 


30,420 


136,890 


198,885 


9,785 


58.5 


41.5 


1.266 


24.0 


845,950 


2.200 


.0678 


.0043 


.0635 


32,100 


144,450 


201,500 


8,165 


58.2 


41.8 


1,819 


24.8 


861, 675 


2,300 


.0606 


.0045 


.0561 


33,660 


1.51,470 


210.205 8.705 


58.1 


41.9 


1,376 


24.5 


377,400 


2,400 


.0635 


.0046 


.0589 


85,340 


159,030 


218.870 1 H.165 


67.9 42.1 


1.43U 


24.7 


898,126 


2.500 


.0665 


.0050 


.0615 


36,900 


166,050 227,07.i 8.705 


57. H 42.2 


1.487 


24.8 


681,100 1 3,377 

1 


I'ltlirat*' strength. 


• 







CONCRETE AND MORTAR COLUMNS. 

Mortar Column No. 1688. 
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1:6 Mixture. Reinforced with 8 — |" twisted steel bars. Age, 6 
months 17 days. 

Sectional area of column, gross, 157.50 square inches; net, 163 
square inches. 

Sectional area of steel bars, 4.50 square inches. 



On 60" jrauged 
length. 




,U073 
.CH08 

.LH71 

. imi 
, *m7 

Am4S 

. {H\7 

.1^4 JO 



0368 


.ODIO 


(KtSd 


Mm 


{M2U 


.0010 


miv 


.0013 


M91 


.00X7 


(>&35 


.002a 


Ofl74 


.W2i 



Computed stress 






Per cent of 


" 


Ratio, 


on bars. 


Total 


load on— 


Stress 


pounds 




stress on 

con- 
crete, by 


Incre- 
ment 
on con- 




per 
square 
inch 


per 
square 
Inch, 


Per 






square 
Inch. 


Total. 


differ- 
ence. 


crete. 


Con- 
crete. 


Bars. 


on 
con- 
crete. 


bars to 
con- 
crete. 


Lb9. 


Pounds. 


PouTidt. 


Pounds. 






Lbs. 


'i'ioo" 


■"'»;466' 


"22',m 




'76.'6' 


*86.'6' 


"iii 


"i4.'6" 


4,880 


19,710 


27,540 


"'5,496' 


58.3 


41.7 


180 


24.8 1 


6,4ao 


29,160 


88,840 


6,800 


68.7 


46.8 


221 


29.3 1 


8,400 


87,800 


40,950 


7,110 


62.0 


48.0 


268 81.8 i 


10,260 


46,170 


48,380 


7,880 


51.1 


48.9 


316 


32.5 , 


12.060 


54.270 


55,980 


7,650 


50.8 


49.2 


866 


38.0 


18,860 


62,870 


63,580 


7,650 


60.6 


49.5 


416 


83.8 ! 


15,540 


69.930 


71,820 


8,190 


60.7 


49.3 


469 


33.1 


17,100 


76,950 


80,560 


8,730 


61.1 


48.9 


526 


32.5 


19,020 


85,500 


87,660 


7,110 


60.6 


49.4 


578 


J88.2 


20.880 


98,960 


95,040 


7,380 


60.8 


49.7 


621 


38.6 


22,800 


102,600 


102,160 


7,110 


49.9 


60.1 


668 


34.1 


24,600 


110,700 


109,800 


7,650 


49.8 


60.2 


718 


84.8 


26,820 


120,690 


115,560 


5,760 


48.9 


51.1 


7.16 


35.6 


28,800 


129,600 


122,400 


6.840 


48.6 


51.4 


HOG 


86.0 


30,900 


189,0fi0 


128,700 


6.300 48.1 , 61.9 


841 


36.7 


88.000 


148.500 


135,000 


6.800 


-I7.fi 


52.1 


882 


87.4 
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CONCBETE AND MOBTAK COLUMNfl. 



Mortar Column No. 1689. 

1 : 5 Mixture. Reinforced with 13 — i" twisted steel bars. Age, 7 
months 16 days. 

Sectional area of colunm, gross, 157.75 square inches; net, 150.44 
square inches. 

Sectional area of steel bars, 7.31 square inches. 



Applied loads. 


On 50^' gauged 
length. 


I 
Computed i 
stress on bars. | Total 


Per cent of 
■ load on— 


stress 


Ratio, 
pounds 






1 stress 


Incre- 




per 
square 

fnch 
on 

con- 
crete. 


per 




t 




i OR con- 


ment 






squM^ 


Per 
Total, square 
1 inch. 


Com- 

pres- Set. 
sion. 

Inch. Inch. 


ResiU- 
ence. 

Inch. 


Per 
square 
inch. 

Lbs. 


Total. 


Crete, by 
differ- 
ence. 


on con- 
crete. 


Con- 
crete. 


•• 
Ban. 


Inch, 
bars to 
con- 
crete. 


Pounds. 1 Lba. 


Pounds. 


Pounds. 


Pounds. 




Lbs. 




15,776 1 100 


0. 0. 




1 










31,650 1 200 


.0024 .0002 


■.0022* 


1>320 9,649 


"ii.'wi' 


!!!!!!!! "e9.*4* 


30.6 


'"*i46' 


"Ho" 


47,326 300 


.0060 .0004 


.0046 


2,760 20,176 27,149 


6,248 57.4 


42.6 


180 


15.3 


63,100 400 


.0080 .0006 


.0076 


4,500 32,896 30,206 


8,056 47.9 


62.1 


201 


22.4 


78,875 500 


.0109 


.0007 


.0102 


6,120 , 44,737 84,188 


8,9SS 43.3 


56.7 


227 


27.0 


94,650 600 


.0187 


.0009 


.0128 


7,680 56,141 38,509 


4,371 40.7 


69.3 


266 


80.0 


110.425 700 


.0163 


.0009 


.0164 


9,240 67,644 42,881 


4,372 88.8 


61.2 


286 


82.4 


126,200 800 


.0190 


.0011 


.0179 


10,740 78,509 47,691 


4,810 87.8 


62.2 


817 


88.9 


141,975 


900 


.0216 


.0012 


.0203 


12,180 , 89,036 62.939 


6,248 37.3 


62.7 


852 


34.6 


157,750 


1,000 


.0240 1 .0013 


.0227 


13,620 99,662 


58,188 


6,249 1 86.9 


63.1 


887 


35.2 


178,5"25 


1.100 


.0263 .0014 


.0249 


14,940 109.211 


64,314 


6,126 37.1 


62.9 


428 


34.9 


189,^ 1 1,200 


.0289 .0014 


.0275 


16,800 120.615 


68,685 


4,371 1 36.8 


63.7 


467 


36.1 


205,075 ! 1,300 


.0312 ; .0016 


.0296 


17,760 1 129,826 


75.249 


6,564 ! 36.7 


63.8 


600 


85.6 


220,850 ' 1,400 


.0336 .0017 


.0318 


19,080 ' 139,475 ' 81,375 


6,126 36.8 163.2 


641 


35.8 


236,625 . 1,500 


.0367 


.0017 


.0340 


20,400 


149,124 87,501 


6, 126 


37.0 , 63.0 


582 


86.1 


262,400 1,600 


.0381 


.0019 


.0362 


21,720 


158,773 ; 93,627 


6,126 


37.1 > 62.9 


622 


84.9 


268,175 


1,700 


.0408 


.0020 


.0383 


22,980 


167,984 


100, 191 


6,564 


37.4 


62.6 


666 


34.6 


283,950 


1,800 


.0428 


.0021 


.0407 


24,420 178,610 


105,440 


5,249 


37.1 


62.9 


701 


34.8 


299,725 


1,900 


.0461 


.0021 


.0430 


25,800 . 188,598 


111,127 


5,687 


87.1 


62.9 


789 


84.9 


315,500 


2,000 


.0476 


.0022 


.0454 


27,240 ' 199.124 


116, 376 


6,249 


36.9 


68.1 


774 


35.2 


331,276 


2,100 


.0499 


.0022 


.0477 


28.620 


209,212 


122,063 


5,687 


36.8 


63.2 


811 


35.3 


347,050 


2,200 


.0626 


.0024 


.0602 


30,120 


220, 177 


126,873 


4,810 


36.6 


634 


848 


36.7 


862.825 


2,300 


.0551 


.0024 


.0627 


31,620 


231,142 


181,688 


4,810 


36.3 


63.7 


876 


36.1 


378,600 


2,400 


.0576 


.0025 


.0651 


33,060 


241,669 


136,931 


6,248 


36.2 


63.8 


910 


36.3 


394.375 


2.500 


.0602 


.0025 


.0577 


34,620 


'253,072 


141,303 


4,372 


36.8 


64.2 


939 


36.9 


410,150 2,600 


.0630 


.0027 1 .0603 


36.180 


264,476 


145,674 


4,371 


35.6 


64.6 


968 


37.4 


426,925 1 2,700 


.0666 


.0028 1 .0627 


37,620 


275,002 


160,923 


6,249 


35.4 64.6 


1,003 


37.5 


441,700 2,800 


.0684 


.0080 1 .0664 


39,240 


286,844 


164,866 


3,983 


85.1 64.9 


1,029 


38.1 


616,000 3,905 


Ultimate strength. 









CONCRETE AND MORTAR COLUMNS. 
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Concrete Column No. 1652. 

1:2:4 Mixture. Cinders. Re(^nforced with 8— f " twisteii steel bars. 
Age, 5 months 5 days. 

Sectional area of column, gross, 159.77 square inches; net, 155.27 
square inches. ' 

Sectional area of steel bars, 4.50 square inches. 



Applied loads. 


I 
On 60^ gauged Computed 

length. 1 ntreas on ban. ; Total 


Per cent of 
load on— I 


Stress 


Ratio, 
pounds 




' streiw Incre- 
1 , on con- , ment 




1 


per 
square 

inch 
on 

con- 
crete. 


per 
square 


I 




1 


Total. 


Per 

square 
incn. 


r««™ t>^, Crete, by on con- 


Con- 
crete. 


Bars. 


inch, 
ban to 
con- 
crete. 


Pounds. 


~u.. 


Inch. , Inch. Inch. 


1 
Lbs. Pound«. Pounds. Pounds. 






Lbs. 




15,977 


100 


0. 0. 















200 


.0023 0. 


.0023 


i.'sao e.'iio' '"25,744' '.'.*!*'!*. 


*86*6* 


*i9.*4' 


"m 


'■*8.*S* 


I7/.S1 


800 


.0049 .0004 


.0046 2.700 1 12,150 85,781 lU, ;J7 


74.6 


26.4 


280 


11.7 


G3/.^08 


400 


.0080 , .WHMi 


.0074 4.440 19.980 43.928 | i" 3 17 


68.7 


31.8 


288 


15.7 


7fl.^«6 


600 


.0111 ' .0008 


.0103 6.180 27.810 52,075 


^ U7 


65.2 


34.8 


885 


18.5 


'^, ?-62 


600 


.0142 .0012 


.0130 7.800 1 85.100 60,762 


b r.^ 


63.4 


86.6 


391 


19.9 


nK>«9 


700 


.0176 .0015 .0161 1 9.660 43.470 68.869 


7, i.')7 


61.1 


88.9 


440 


22.0 


127, M6 


800 


.0210 , .0018 .0192 11.520 61.840 76.976 


7. rvyj 


69.4 


40.6 


489 


23.6 


14;i,793 


900 


.02411.0020 .11221 13.260 59.670: 84,123 


^, 147 


68.5 


41.6 


542 


24.5 


IfrJ, ^70 


1.000 


.0275 ; .1)023 .0252 15.120 I 68,040 ! 91,780 


:,rJ)7 


67.4 


42.6 


691 


25.6 


175,747 


1.100 


.0810 .0028 .0282 16,920; 76.140 99.607 


7.-77 


66.7 


43.8 


642 


26.4 


191, :24 


1.200 


.0343 .0028 .0315 18,900 
.(fe76 ' .0030, .0346 20.760 


85,050 106,674 


7.1^47 


55.6 


44.4 


687 


27.5 


207.701 


1»800 


93.420 


114,281 


7.i.a7 


56.0 


45.0 


736 


28.2 


£23, r.78 


1.400 


.0410 , .0032 1 .0878 


22,680 


102,060 


121,618 


7. :ij7 


54.4 


45.6 


788 


29.0 


239, f«i 


1.500 


.044*) .0034 , .0411 


24.660 


110,970 


128,685 


7,i.r57 


58.7 


46.8 


829 


29.7 


2,^\r32 1 1.600 


1 .0488 .0087 .0446 


26,760 


120,4:0 


135.212 1 .,..27 


62.9 


47.1 


871 


80.7 


271,1509 i 1,700 


' .0520 .0088 .0482 


28,920 


130.140 


141.469 1.-57 


52.1 


47.9 


911 


81.7 


2g7, .86 , 1.800 


.0562 .0040 .0512 130. TJO , 13S, 240 


149.846 1 '::-n 


51.9 


48.1 


962 


81.9 


300, 63 ! 1,90J 


.0690 1.0042 .0648 32,880 1 147.960 


166.603 


«^ L"'>7 


51.3 


48.7 


1.002 


82.8 


S1!».>-40 ; 2,000 


.0626 1 .0043 .0583 34.980 157,410 


162.130 


i^ .27 


6). 7 


49.8 


1.044 


83.5 


33&, 17 


2,100 


.0676 .0047 .0629 37.740 1 169.830 


165.687 U .S7 


49.4 


50.6 


1,067 


85.4 


3fVI . 194 


2,200 


.0714 j .0060 1 .0664 1 39.840 j 179.280 


172.214 « .27 


49.0 


61.0 


1,109 


86.9 


S«^7. J71 


2.800 


.0749 ' .0060 ' .0699 '41.940 


188,780 


178.741 K 17 


48.6 


51.4 


1.151 


86.4 


88:J, 148 


2,400 


.0793 .0066 .0737 44,220 


198.990 


184.458 , i.,.17 


48.1 


51.9 


1,188 


87.2 


899,125 


2,600 


.0888 .0060 .0'/78 46,680 


210,060 


189,866 4,907 


47.4 


52.6 


1.219 


88.8 


4LM02 


2.600 


' .088K .0064 ; .0824 49,440 222,480 


192,922 . 3.567 


46.4 


68.6 


1,242 


89.8 


4M,€00 


3,029 


Ultimate rtrength. 
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concrete and mortar columns. 
Concrete Column No. 1653. 



1:3:6 Mixture. Cinders. Reinforced with 4 — i" twisted steel bars. 
Age, 6 months 5 days. 

Sectional area of column, gross, 158.76 square inches; net, 1^6.51 
square inches. 

Sectional area of steel bars, 2.25 square inches. 



Applied loads. 


On50"gRU€red 
length. 


Computed 
stress on bars. 


Total 




Per cent of 
load on- 


Stress 


Ratio, 
pounds 












stress on 


Incre- 
ment 




per 
square 
inch 
on 
con- 
crete. 


per 
square 
















con- 






Total. 


Per 

square 

Inch. 


Com- 
pres- 
sion. 


Set. 


Resili- 
ence. 


Per 

square 
inch. 


Total. 


crete, by- 
differ- 
ence. 


on con- 
crete. 


Con- 
crete. 


Bars. 


inch, 
bars to 
con- 
crete. 


Pounds. 


Lbs. 


Inch. 


Inch. 


Inch. 


Lbs. 


Pounds. 


Pounds. 


Pounds. 






Lbs. 




15,876 
31,752 


100 
200 


0. 
.0085 


0. 
.0003 


0. 
.0082 


















"i,*926' 


"'A,m 


' *27,'432' 




*86.'4' 


'is.'e" 


"m 


"ii.o" 


47,628 


800 


.0076 


.0008 


.0068 


4,080 


9,180 


38,448 


'iilm 


80.7 


19.3 


246 


16.6 


63,604 


400 


.0124 


.0012 


. 0112 


6,720 


15,120 


48,384 


9,936 


76.2 


28.8 


809 


21.7 


79,380 


500 


.0169 


.0017 


.0162 


9,120 


20,520 


58,860 


10,476 


74.1 


26.9 


876 


24.3 


95,256 


600 


.0218 


.0023 


.0196 


11,700 


26,325 


68,931 


10,071 


72.4 


27.6 


440 


26.6 


111,182 


700 


.0276 


.0036 


.0240 


14,400 


32,400 


78, 732 


9,801 


70.8 


29.2 


503 


28.6 


127,008 


800 


.0327 


.0041 


.0286 


17,160 


88,610 


88,898 


9,666 


69.6 


30.4 


665 


30.4 


142,884 


900 


.0380 


.0048 


.0332 


19.920 


44,820 


98,064 


9,666 


68.6 


31.4 


627 


81.8 


158,760 


1,000 


.0444 


.0054 


.0390 ,23,400 


52,650 


106,110 


8,046 


66.8 


33.2 


678 


34.6 


174,636 


1,100 


.0493 


.0059 


.0434 


26,040 


58,590 


116,046 


9,936 


66.5 


83.5 


741 


85.1 


190,512 


1,200 


.0550 


.0067 


.0483 


28,980 


65,205 


125,307 


9,261 


65.8 


34.2 


801 


36.2 


206,888 


1,300 




.0071 


.0635 


32,100 


72,225 


134,163 


8.856 


65.0 


35.0 


857 


37.6 


222,264 


1,400 


.0674 


.0081 


.0593 


36,680 


80,055 


142,209 


8,046 


64.0 


86.0 


909 


39.1 


238,140 


1,500 


.0746 


.0093 


.0663 


39,180 


88,156 


149,985 


7,776 


63.0 


37.0 


958 


40.9 


254,016 


1,600 


.0623 


.0108 


.0715 


42,900 


96,525 


167,491 


7,506 


62.0 


38.0 


1,006 


42.6 


269,892 


1,700 


.0906 


.0128 


.0778 


46,680 


105,030 


164,862 


7,371 


61.1 


38.9 


1,053 


44.3 


285,768 


1,800 


.1006 


.0157 


.0849 


50.940 


114,615 


171.153 


6.291 


59.9 


40.1 


1,094 


46.6 


806,700 


1,982 


Ultimate strength. 









concrete and mortar columns. 
Concrete Column No. 1654. 
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1:3:6 Mixture. Cinders. Reinforced with 8 — i" twisted steel bars. 
Sectional area of column, gross, 159.01 square inches; net, 154.51 
square inches. 
Sectional area of steel bars, 4.50 square inches. . 



Applied loads. 


On SO'' gauged 
length. 


Computed 
stress on bars. 


Total 




Per cent of 
load on- 


Stress 


Ratio, 
pounds 








stress on 
con- 


Incre- 
ment 




per 


per 
square 








1 










square 
inch 
on 
con- 
crete. 


Total. 


Per 
square 
inch. 


Com- 
prefl- 
don. 


Set. 


Resili- 
ence. 


Per 
square 
inch. 


Total. 


crete, by 
differ- 
ence. 


on con- 
crete. 


Con- 
crete. 


Bars. 


inch, 
bars to 
con- 
crete. 


Pound*, 


Lbt. 


Inch. 


Inch, 


Inch. 


Lbs. 


POUTUU. 


PowuU. 


Pounds. 






Lbs. 




15,901 


100 


0. 


0. 


0. 


















31,802 


200 


.0019 


0. 


.0019 


i.'iio* 


*"6.*i36' 


**2fi,*r>72* 




'8S.'9' 


*i6.*i* 


"m 


* "6.'6' 


47,708 


800 


.0(M4 


0. 


.0044 


2,640 


11.880 


3r.,H28 


"9*i5i* 


75.1 


24.9 


282 


11.4 


63,604 


400 


.0072 


.0004 


.0068 


4,080 


18.360 


4.\ J44 


9,421 


71.1 


28.9 


298 


18.9 


79.505 


500 


.0114 


.0003 


.0111 


6,660 


29,970 


4y. j35 


4,291 


62.3 


37.7 


321 


20.7 


95,406 


600 


.0133 


.0003 


.0180 


7,800 


35.100 


Gut. m 


10,771 


63.2 


86.8 


890 


20.0 


111,307 


700 


.0162 


.0005 


.0167 


9,420 


42,390 


^\ yi7 


8,611 


61.9 


38.1 


446 


21.1 


127,208 


800 


.0198 


.0011 


.0187 


11,220 


50,490 


7N. 718 


7; 801 


60.3 


89.7 


497 


22.6 


, .„ ,Qg 


900 


.0231 


.0014 


.0217 


13,020 


58,690 


3i, )19 


7,801 


59.1 


40.9 


547 


28.8 


..... HO 


1,000 


.0263 


.0016 


.0247 


14.820 


66.690 


»J,:520 


7,801 


68.1 


41.9 


596 


24.8 


in /.111 


1,100 


.0908 


.0027 


.0281 


16,860 


75,870 


9«^ 141 


6,721 


56.6 


43.4 


641 


26.8 


laO,H12 


1,200 


.0346 


.0029 


.0317 


19,020 


85.690 


10^ 222 


6,181 


55.1 


44.9 


681 


27.9 


206.713 


1,800 


.0377 


.0082 


.0845 


20,700 


93,150 


113. 'i68 


8,841 


54.9 


45.1 


736 


28.2 


■£2J, <il4 


1,400 


.0411 


.0033 


.0378 


22,680 


102,060 


ia«, 554 


6,991 


54.2 


46.8 


780 


29.1 


2ae, 515 


1,500 


.0449 


.0086 


.0413 


24,780 


111,510 


127,1105 


6,451 


53.2 46.8 


822 


80.1 


2fH, 416 


1,600 


.0488 


.0038 


.0450 


27,000 


121.500 


13L'. M 


5.911 


52.2 ! 47.8 


860 


31.4 


27U, 817 


1,700 


.0521 


.0089 


.0482 


28,920 


180.140 


14t^ 177 


7,261 


51.9 


48.1 


907 


31.9 


a^;, MB 


1,800 


.0558 


.0040 


.0518 


31,080 


139.860 


14.V m 


6,181 


61.1 


48.9 


947 


82.8 


'Mr2, 119 


1,900 


.0696 


.0041 


.0555 


33,800 


149,850 


16J, J69 


5,911 


50.4 


49.6 


965 


33.8 


»]t<,<K20 


2,000 


.0633 


.0048 


.0590 


35.400 


159.800 


16^,720 


6,451 


49.9 


50.1 


1,027 


84.5 


?M. m 


2,100 


.0682 


.0046 


.0636 


38,160 


171,720 


16^. JOl 


3,481 


48.6 • 61.4 


1,050 


88.3 


a49,>i22 


2,200 


.0721 


.0046 


.0676 


40,500 


182,250 


167. 572 


6,371 


47.9 52.1 


1,085 


37.3 


3ttS, 723 


2,800 


.0761 


.0048 


.0713 


42,780 


192,510 


17 ;, 213 


5.641 


47.4 ; 62.6 


1,121 


38.2 


:^i,';24 


2,400 


.0807 


.0051 


.0756 


45,860 


204,120 


ITT. ,i04 


4,291 


46.5 


58.6 


1,149 


39.5 


»Bf7, . t26 


2,500 


.0856 


.0059 


.0797 


47.820 


216,190 


18 J, J85 


4,831 


45.9 


54.1 


1,180 


40.5 


ila.426 


2,600 


.0908 


.0068 


.0840 


50.400 


226,800 


18i . m 


4,291 


46.1 


54.9 


1,206 


41.7 


429,:127 


2,700 


.0971 


.0085 


.0886 


58.160 


239,220 


19!), L07 


3,481 


44.3 


65.7 


1,280 


43.2 


445. 228 


2.800 


.1042 


.0111 


.0931 


55.860 


251,370 


19:i.H58 


8,761 


48.5 


56.5 


1,256 


44.5 


4yi3, £00 


3,100 


Ultiinate strength. 











CEMENT EXPOSED TO LOADS OF CUBIC 
COMPRESSION. 




NEAT PORTLAND CEMENT. 

SHOWING REDUCED SIZE OF THE UPPER CUBE, DUE TO LOAD OP 

30,CO0 POUNDS PER S^.'UARE INLH, CUBIC COMPhESS:ON. 



CEMENT EXPOSED TO LOADfl OF CUBIC COMPRESSION. 391 

Cement Subjected to Cubic Compression. 

A cube of neat Star Portland cement was exposed to a load of 30,000 

Sounds per square inch cubic compression. The cube was one of a 
atch or cement which was held in tne mixing bed for a period of 102 
hours after mixing, before it was tamped into the mold. The present 
test was made when the cube was 3 years 8 months old. 

By reason of its treatment at the time of gauging, the cube was light 
in weight and porous. It was prepared for receiving a load of com- 
pression, to be simultaneously applied to each of its six sides, by 
encasing in a thin sheet-brass envelope, which was sealed by solder- 
ing against the admission of water. Wnen thus prepared, it was placed 
in an hydrostatic cylinder and exposed to a pressure of 30,000 pounds 
per square inch. 

This pressure effected a considerable permanent reduction in volume 
without, however, appearing to affect the integrity of the material. 
The primitive dimensions of the cube were 

2".98X2".98X3".01=26.73 cubic inches. 

After loading with 30,000 pounds per square inch, the dimensions were 

2".68X2".70X2".74=19.83 cubic inches. 

Its reduction in volume was 6.9 cubic inches = 25.8 per cent. 

The weight of the cube was 1 pound 4| ounces, which, in its prim- 
itive condition, equals 83.68 pounds per cubic foot, and, after loading, 
equals 112.78 pounds per cubic foot. Its gain in weight was therefore 
29. 10 pounds per cubic foot, or 34. 8 per cent. These results correspond 
to a specific gravit\^ before loading of 1.341, and after loading, 1.80Y. 

A second sample of neat cement was exposed to a load of 100,000 
pounds per square inch cubic compression. This was a cylindrical 
specimen, 1" diameter and If" long, taken from a cylinder of neat 
Portland cement which was gaugeil with 5 per cent water and set under 
high initial pressure, butwithout havinjr been held in themixine bed, as 
in the case of the above cube. The dimensions of this cylinder were 
only slightly affected b^'^ the loading, being reduced about ".01 each in 
diameter and length. The cylinder remained intact and apparently 
uninjured by the Toad to which it had been subjected. 
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BRICK PIEB8. 



S95 



:^-^$^>^^ 


1 
















































































^^''^"'•N^ 


1 



Brick piers, nominally 12" by 12" in cross-section dimensions hy 8 
feet high, with solid and hollow cores, were made of repressed, wire- 
cut, and sand-lime face bricks; also hard and light-hara sand-struck 
and water-struck bricks. The several kinds of brick were of burnt 
clay, excepting the sand-lime material. 

These piers were laid in neat cement, cement mortar, and lime mortar. 

Mention is made, in the details of the test, of loads which were 
applied before testing. This refers to the load which it was necessary 
to apply to hold the piers together during transportation and while 
adjusting them in an horizontal position in the machine in which the 
tests were made. 
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RRK^K PIERS. 



No. 1672. 



12" FACE BRICK PIER. 

Repressed brick from New England Brick Company'^ yard, £xeter, 
N. H. 

Built of 39 courses of brick, with hollow core. 

Laid in cement mortar — 1 part Alpha cement and 5 parts sand. * 

Age, 4 months 8 days. 

Weight, 868 pounds= 126.3 pounds per cubic foot. 

Height of pier, 96.75 inches. 

Outside dimensions, ir'.85xll".93=141.37 square inchM. 

Core, 4".32X 4". 32 =18. 66 square inches. 

Net sectional area, 122.71 square inches. 

Average thickness of joints, ".23. 

Gauged length, 50". 

Laia with close end joints. 



Applied loads. 


In gauged length. 


JlMmurkm, 










ToUl. 


Per square 
Inch. 


Compres- 
sion. 


Set. 




Ptmndt. 


P&und9. 


Inch. 


Inch. 




12,271 


100 


0. 


0. 


Initial load. Loaded with 14,600 poinds be- 
fore testing. 


18,407 


160 


.0020 


.0002 




24,642 


200 


.0040 


.0005 




80,678 


260 


.0069 


.0008 




86,818 


800 


.0076 


.0010 




42,949 


860 


.0096 


.0010 




49,084 


400 


.0114 


.0011 




66,220 


460 


.0130 


.0012 




61,866 


600 


.0160 


.0014 




67,491 


660 


.0168 


.0016 




78,626 


600 


.0188 


.0018 


£ (100-600) -1,471,000 ponnds per square inch. 




600 


.0190 


.0019 




86,897 


700 


.0226 


.0022 




96,168 


800 


.0267 


.0024 




110,439 


900 


.0804 


.0028 




122,710 


1,000 


.0846 


.0081 


E (600-1,000) =il,879,000 pounds per square 
inch. 




600 


.0211 


.0088 




600 
1,100 


.0211 
.0686 


.0082 
.0086 . 




134,981 


147,262 


1,200 


.M29 


.0040 




169,623 


1,300 


.0469 


.0044 




171,794 


1,400 


.0613 


.0061 




184,066 


1.500 


.0660 


.0067 






600 
600 


.0246 
.0245 


.0067 
.0067 






196,336 


1,600 


.0606 


.0064 




208,607 


1,700 


.0669 


.0072 




220,878 


1,800 


.0708 


.0062 




233,149 


1,900 


.0760 


.0092 




246,420 


2,000 


.0824 


.0106 


E ( 1,000-2.000) »1,288,000 pounds per square 
Inch. 

Snapping sounds. 




600 
600 

2,100 


.0816 
.0314 

.0895 


.0109 
.0106 

.0128 




267,601 


268,600 


2, 106 






Ultimate strength. 









Opened longitudinal cracks along the middle and lower part of the 
pier. 



BRICK PIERS. 
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No. 1671. 

IV FACE BRICK PIER. 

Wire cut, face brick from Messrs. Fiske & Co., Boston, Mass. 

Built of 37 courses of brick, with solid core. 

Laid in cement moilar — 1 part Alpha cement and 2 parts sand. 

Aee, 2 months 12 days. 

Weight, 1,078 pounds =134.4 pounds per cubic foot. 

Hei^t of pier, 96.45 inches. 

Sectional area, 11". 95X12". 02 =143. 64 square inches. 

Average thickness of joints, ".30. 

Gauged length, 50". 



Applied loads. 


In gauged lenffth. 


Remarks. 










Total. 


Per squape 
incn. 


Compres- 
sion. 


Set. 




Poundt. 


Pounds. 


Inch. 


Inch. 


• 


14,864 


100 


0. 


0. 


Initial load. Loaded with 18,000 pounds be- 
fore testing. 


21, M6 


160 


.0008 


0. 




28,728 


200 


.0019 


.0006 




35,910 


250 


.0029 


.0004 




43,092 


800 


.0089 


.0005 




«),274 


850 


.0049 


.0006 




57,466 


400 


.0058 


.0008 




64,688 


450 


.0069 


.0009 




71,820 


600 


.0078 


.0010 




79.002 


560 


.0089 


.0010 




86,184 


600 


.0101 


.0012 


£ (100-600) -2,809,000 pounds per square inch. 




600 
700 


.0101 
.0119 


.0012 
.0013 




100,548 


114,912 


800 


.0188 


.0014 




129,276 


900 


.0150 


.0016 




143,640 


1,000 


.0179 


.0018 


£ (600-1,000) «-2,778,000 pounds per square 
inch. 




600 


.0111 


.0019 




600 
1,100 


.0111 
.0201 


.0019 
.0020 




158,004 


1?2,868 


1,200 


.0222 


.0022 




186,782 


1,800 


.0244 


.0024 




201.096 


1,400 


.0264 


.0027 




215,460 


1,600 


.0285 


.0028 




229,824 


1,600 


.0606 


.0060 


Snapping sound. 


244,188 


1,700 


.0829 


.0081 




258,552 


1,800 


.0860 


.0036 




272,916 


1,900 


.0878 


.0037 


1 


287,280 


2,000 


.0894 


.0089 


E (1,000-2,000) -2,577,000 pounds per square 
inch. 


801,644 


2,100 


.0418 


.0040 


816,006 


2,200 


.0440 


.0045 




844,736 


2,400 


.0482 


.0046 




373,464 


2,600 

loe 

200 
800 


.0627 


.0054 
.0048 


Pier rested under initial load 22 hours. 




.0070 
.0092 








400 
500 
600 
600 


.0114 
.0188 
.0160 
.0140 




















400 
300 


.0120 
.0098 












200 

200 
400 
600 
800 


.0076 

.0074 
.0119 
.0161 
.0202 


.odsi 








:::::::::::: 












1,000 


.0241 








1,200 


.0280 








1,400 


.0818 








1,600 


.0356 








1 800 


.0893 








2.000 


.0129 
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BRICK PIERS. 

No. 1671— Continued. 



Applied loads. 




Remarks. 


Total. 


Per square 
Incli. 


Ck>mpre8- 
sion. 


Set. 


Poundt. 


PouruU. 

1.800 

1,600 

1.400 

1,200 

1,000 

800 

600 

400 

200 

2.600 
2,800 
8,000 

8,200 
8,400 
8,600 
8,778 


Inch, 
.0899 


Inch. 


£ (2,000-8,000) -2,468,000 pounds per square 
Inch. 

Cracks in several courses. 
Ultimate strength. 




.0865 
.0830 
.0294 
.0257 
.0219 
.0178 




























.0132 
.0082 

.0540 
.0564 
.0680 

.0688 
.0789 
.0808 






.0068 

.0068 
.0066 
.0072 

.0079 
.0087 
.0100 


878.464 
402.192 
430.920 

469,648 
488.876 
617,104 
542,000 







Opened longitudinal ci-acks along middle of length of pier. 



BRICK PIERS. 
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No. 1676. 



12" COMMON BRICK PIER. 



Hard, sand struck brick from New England Brick Company's yard, 
West Cambridge, Mass. 
Built of 38 courses of brick, with hollow core. 
Laid in cement mortar — 1 part Alpha cement and 5 parts sand. 
Age, 4 months 13 days. 

Weight, 808 pounds=134.6 pounds per cubic foot. 
Height of pier, 94.65 inches. 

Outside dimensions, ll".40Xir'.43=130.30 square inches. 
Core, 4".52X4".55=20.57 square inches. 
Net sectional area, 109.73 square inches. 
Average thickness of joints, ".30. 
Gauged length, 50". 



Applied loads. 


In gauged length. 


Remarks. 


Total. 


Per square 
Inch. 


Compres- 
sion. 


Set 


Pounds. 
10,973 

16,460 
21,946 
27,488 
32,919 
38,406 
43,892 
49.379 
64,865 
60,352 
65,888 


Pounds. 
100 

150 
200 
250 
900 
350 
400 
450 
600 
550 
600 

600 

700 

800 

900 

1,000 

600 
600 

1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 
600 


Inch. 
0. 

.0009 
.0017 
.0026 
.0085 
.0045 
.0054 
.0064 
.0076 
.0085 
.0095 

.0096 

.0116 
.0187 
.0158 
.0179 

.0106 
.0106 

.0202 
.0222 
.0245 
.0269 
.0298 

.0123 


Inch. 
0. 

.0001 
.0001 
.0002 
.0008 
.0004 
.0004 
.0006 
.0007 
.0007 
.0007 

.0007 

.0009 

.0011 
.0018 
.0015 

.0016 
.0016 


InlUal load. I/wded with 10,000 pounds be- 
fore testing. 

£ (100-600) -2,841,000 pounds per square inch. 

£(600-1,000) -2.682.000 pounds per square 
inch. 

Snapping sounds. 

E (1.000-2,000) -2,847,000 pounds per square 
inch. 


76,811 
87,784 
98.757 
109,730 




120,703 
131,676 
142,649 
153,622 
164,595 


.0019 




.0027 
.0026 




.0128 .0026 


175,668 
186,641 
197,514 
208,487 
219,460 


.0827 




.0857 
.0390 
.0416 
.0435 

.0163 
.0168 
.0168 




.0050 


.0058 

.0060 
.0060 
.0069 
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BRICK PIEB8. 

No. 1676— Continued. 



Applied loAdfl. 1 In gauged length. 




Total. 


Peraquare Ck>mprea- 

Incn. > sloB. 

1 


Set. 


Remarks. 


Pounds. 
280,483 
241,406 
252.379 
263,852 
274,326 


Pounds. , Inch, 
2,100 -0475 


Inch. 


Snapping sonnds renewed. 
Ultimate strength. 


2,200 
2,800 
2,400 
2,500 

600 
600 

2,600 
2,680 


.0497 
.0629 
.0664 
.0620 

•^ 
.0228 

.0670 


.0071 
.0079 
.0066 
.0108 

.0107 
.0107 

.0121 




285,298 
294,000 









Opened longitudinal cracks at middle of length. 
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No. 1677. 



\2f COMMON BRICK PIER. 

Light hard, sand stiiick brick from New England Brick Company's 
yard, West Oftmbridge, Mass. 

Built of 36 courses of brick, with hollow core. 

Laid in cement mortar— 1 part Alpha cement and 5 parts sand. 

Age, 4 months 14 days. 

Weight, 757 pounds =112 pounds per cubic foot. 

Height of pier, 94.96 inches. 

Outside dimensions, 12" Xll".93= 143.16 square inches. 

Core, 4".48X4".50=20.16 square inches. 

Net sectional area, 123 square inches. 

Average thickness of joints, ".33. 

Gauged length, 60". 



Applied loads. 


In gauged length. 


Remarks. 










Total. 


Per square 
Inch. 


Compres- 
sion. 


Set. 




iVnitufa. 


Pwtndt. 


Inch. 


Inch. 




i2,aoo 


100 


0. 


0. 


IniUal load. Loaded with 10.600 pounds be- 
fore testing. 


18,460 


150 


.0061 


.0007 


24,600 


200 


.0064 


.0015 




80,750 


260 


.0096 


.0018 




86,900 


800 


.0129 


.0023 




43.060 


860 


.0162 


.0026 




49,200 


400 


.0197 


.0000 




55,850 


460 


.0280 


.0083 




61,500 


500 


.0262 


.0088 




67,660 


560 


.0297 


.0041 




73.800 


600 


.0681 


.0047 


E (100-600) -880,000 pounds per square inch. 




600 
700 


.0887 
.0406 


.0048 
.0055 




86,100 


98,400 


800 


.0475 


.0064 




110,700 


900 


.0660 


.0075 




128,000 


1.000 


.0628 


.0065 


E (600-1,000) =772,000 pounds per square inch. 




600 
600 

1,100 


.0406 
.0405 

.0706 


.0066 
.0086 

.0100 


Snapping sounds. 




185,800 


147,600 


1,200 


. .0797 


.0116 




159,900 


1,800 


.0921 


.0156 




163,000 


1,825 




Ultimate utrength. 


1 



Opened cracks along middle of length. 
H. Poc 22, m-l 26 
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BRICK PIERS. 



No. KhO. 
12" (X)MMON BRK^K PIER. 

Light-hard, sand struck brick from New England Brick Company's 
yard. East Brookfield, Mass. 

Built of 36 courses of brick, with hollow core. 

Laid in cement mortar — 1 part Alpha cement and 3 parts sand. 

Age, 2 months 12 days. 

\Veight, 792 pounds =110. 3 pounds per cubic foot. 

Height of pier, 96.50 inches. 

Outside dimensions, 12".o0xl2".46=155.75 square inches. 

Core, 5".30X5M2 = 27.13 square inches. 

Net sectional area, 128.62 square inches. 

Average thickness of joints, ".40. 

Gauged length, 50". 



Applied loads. 



Total. 



I Per square 
I Inch. 



Poundf. 
12,862 

19,293 
25.724 
82,156 
88,586 
45,017 
61,448 
57,879 
64,310 
70,741 
77,172 



90,084 
102,896 
115,758 



Pounds. 
100 

150 
200 
250 
800 
350 
400 
450 
500 
650 
600 

600 
600 

700 
800 
900 



In gauged length. 


Compres- 
Bion. • 


set. 


Inch. 


Inch. 


0. 


0. 


.0052 


.0018 


.0103 


.0035 


.0155 


.0050 


.0204 


.0064 


.0264 


.0078 


.0805 


.0091 


.0861 


.0104 


.0414 


.0116 


.0466 


.0129 


.0519 


.0144 


.0580 


.0151 


.0637 


.0165 


.0634 


.0173 


.0750 


.0203 







Remarks. 



I ni tial load . Loaded with 6,000 pounds before i 
testing. 1 



Snapping sounds. No cracks visible. 

E (100-«00) =667,000 pounds per square in^h. 



E (600-800) =581.000 pounds per square inch, 
ritimatp strength. 



The maximum load was sustained only momentarily. 

Pier failed near the lower end. 

The bricks in 7 courses, second to eighth from bottom, crushed. 



BRICK PIERS. 



No. 1674. 



12" COMMON BRICK PIER. 
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Light-hard, sand struck brick from New England Brick Company's 
yard, East Brookfield, Mass. 

Built of 37 courses of brick, with hollow core. 

Laid in cement mortar—l part Alpha cement and 2 parts sand. 

Age,. 4 months 11 days. 

W eight, 762 pounds =107 pounds per cubic foot. 

Height of pier, 96.76 inches. 

Outside dimensions, 12". 32x12". 20 =150. 30 square inches. 

Core, 4".77x4".85=23.13 square inches. 

Net sectional area, 127.17 square inches. 

Average thickness of joints, ".32. 

Gauged length, 50". 

Laid with close end joints. 



Applied loads. 


In ganged length. 


Remark^. 










Total. 


Per square 
inch. 


Compres- 
sion.- 


Set. 




Pounds. 


Poundt. 


Inch. 


Inch. 




12,717 


100 


0. 


0. 


Initial load. Loaded with 10,000 pounds be- 
fore testing. 


19,076 


150 


.0064 


.0005 




'25,4S4 


200 


.0068 


.0010 




31,798 


250 


.0106 


.0016 


» 


38,151 


aoo 


.0144 


.0020 




44,510 


850 


.0184 


.0026 




60,868 


400 


.0224 


.0082 




67,227 


450 


.0265 


.0088 




68,585 


600 


.0296 


.0042 




69,944 


560 


.0346 


.0060 




76,802 


600 


.0388 


.0056 


B ( 100-600) b761,000 pounds per square inch. 




600 
700 


.0895 
.0477 


.0069 
.0072 




89,019 


101,786 


800 


.0663 


.0064 




114,453 


900 


.0665 


.0098 




127,170 


1,000 


.0749 


.0112 


E (600-1,000) =.658,000 pounds per square inch. 




600 
600 

1,100 


.0498 
.0492 

.0866 


.0115 
.0118 

.0140 


Bricks in second and third course from lower 




139,887 










end cracked. 


152,604 


1,200 


.0996 


.0171 




162,000 


1,274 






Ultimate strength. 







Faihire occurred in the lower courses of the pier. Opened longi- 
tudinal cracks. 
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BRICK PIERS. 



No. 1676. 



12* COMMON BRICK PIER. 



Hard, sand-strack brick from New England Brick Company's yard, 
Mechanicsville, N. Y. 

Built of 37 coursen of brick, with hollow core. 

Laid in cement mortar — 1 part Alpha cement and 5 parts sand. 

Age, 4 months 12 days. 

Weight, 712 pounds = 106.1 pounds per cubic foot. 

Hei^t of pier, 96.90 inches. 

Outside dimensions, 11".90 X 11".93 = 141.97 square inches. 

Core, 4".60 X 4".67 = 21.01 square inches. 

Net sectional area, 120.96 square inches. 

Average thickness of joints, ".30. 

Gauged length, 60". 

Laid with close end joints. 



AppUed loads. 


In ^nged lengths. 


Remarks. 










Total. 


Per M cure 
inch. 


Compiefl- 
sion. 


Set. 




PowuU, 


Found$. 


/ncfc. 


Inch. 




12,096 


100 


0. 


0. 


Initial load. Loaded with 16,600 pounds be- 
fore testing. 


18.144 


160 


.0018 


.0001 




34,102 
90,240 


200 
260 


:C 


.0004 
.0008 




36,288 


800 


.0084 


.0016 




42886 


360 


.0106 


.0019 




48,884 


400 


.0129 


.0028 




64.482 


460 


.0147 


.0081 




60,480 


600 


.0176 


.0086 




66,628 


660 


.0190 


.0083 




72,676 


600 


.0212 


.0040 


£ (100-600) =1,468,000 pounds per square inch. 




600 
700 


.0216 
.0268 


.0048 
.0049 




84,672 


96,768 


800 


.0802 


.0063 




108,864 


900 


.0860 


.0066 




120,960 


1,000 


.0898 


.0078 


£ (600-1,000) -'1,807.000 pounds per square inch. 




600 
600 

1,100 


.0271 
.0271 

.0449 


.0076 
.0076 

.0079 






138,066 


146,162 


1,200 


.0617 


.0088 




167,248 


1,300 


.0672 


.0096 




169.844 


1,400 


.0629 


.0102 




181,440 


1,600 


.0680 


.0112 






600 

600 

1,600 
1,686 


.0648 
.0648 

.0740 


.0112 
.0112 

.0121 


Snapping sounds, 
ntimate strength. 


,,,] 


198,686 
204.000 

1 








Opened longitudinal cracks in upper part of pier. 



BBIOK PIERS. 
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No. 1644. 

12'' OOMMON BRICK PIER. 

Hard, water-struck brick from New England Brick Company's Yard 
No. 34, Rochester, N. H. 

Bailt of 40 courses of brick, with solid core. 

Laid in neat Portland cement, Atlas brand. 

Age, 5 months 24 days. 

Weight, 1,043 pounc[s= 133.2 pounds per cubic foot. 



Hei^t of pier, 94.77 inches 

Sectional area, 12" X 11". 90 =142.80 square inches, 

Average thickness of joints, ".85. 

Gauged length, 50". 



AppUedloadn. 


In gauged length. 


Remarks. 










Total. 


Peraqoare 
incn. 


Compres- 
sion. 


Set. 




Poundt, 


liwnd: 


Inch. 


Inch. 




14,280 


100 


0. 


0. 


Initial load. Loaded with 20,000 pounds be- 
fore testing. 


21,420 


150 


.0016 


.0001 




28,500 


200 


.0084 


.0004 




85,700 


250 


.0049 


.0008 




42,840 


800 


.0065 


.0009 


Snapping sounds. 


49,980 


850 


.0082 


.0011 




57,120 


400 


.0100 


.0014 




84,260 


450 


.0U5 


.0016 




71,400 


600 


.0129 


.0019 




78,540 


560 


.0145 


.0020 




85,680 
99,960 
114,240 


600 
700 
800 


.0161 
.0196 
.022k 


.0022 
.0024 
.0029 


E (100-600)«1.799,000 pounds per square inch. 




128,520 


900 


.0251 


.0080 




142,800 
157,080 


1,000 
1,100 


.0280 
.0610 


.0061 
.0086 


E (600-1,000) -1 ,818,000 pounds per square inch. 


171,860 


1,200 


.0689 


.0068 




185,640 


1,800 


.0067 


.0080 




199,920 


1,400 


.0896 


.0042 




214,200 


1,500 

200 
800 
400 
500 
600 
700 
800 
900 
1.000 


.0426 

.0075 
.0106 
.0189 
.0168 
.0196 
.0226 
.0252 
.0278 
.0305 


.0045 







































900 
800 
700 
600 
600 
400 
800 
200 

1,600 


.0281 
.0258 
0232 
.0206 
.0179 
.0149 
.0117 
.0088 

.0455 








1 


























.0047 
.0048 


228,480 


242,760 


1,700 


.0484 


.0051 




257,040 


1,800 


.0513 


.0064 




271,320 


i;900 


.0542 


• .0057 


I 


286,600 


2,000 


.0669 


.0058 


E (1^2,000)-'1.90B,000 pounds per square 
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BRIOK PIEBS. 
No. 1644— Continued. 



Applied loftds. 


In gauged length. 
Co^P;- set. 


Remarks. 


Total. 


Per square 
inch. 

Pound9. 
2.20O 
2.400 
2,600 
2,800 
3,000 

3.200 
3,400 , 
8,600 
8,800 
4,000 

4,652 


Pound*. 
814. 160 
342,720 
871.280 
399,840 
428,400 

466,960 
485.520 
614,080 
542.640 
671.200 

650.000 


Inch. 
.0621 
.0678 
.0732 
.0789 
.0843 

.0900 
.0961 
.1018 
.1088 
.1160 


Inch, 
.0062 
.0068 
.0071 
.0076 
.0080 

.0085 
.0091 
.0096 
.0108 
.0114 


E (2.000^.000) =1,984,000 pounds per square 
inch. 

Cracks in middle courses of bricks. 

E (3,000-4,000) =1,832,000 pdunds per square 

inch, 
mtimate strength. 









Opened crackH along middle of pier, separating bricks into halves. 



BRICK PIERS. 407 

No. 1645. 

12" COMMON BRICK PIER. 

ELard, water-struck brick from New England Brick Company's yard 
No. 34, Rochester, N. H. 

Built of 38 courses of brick, with solid core. 

Laid in cement mortar^-l part Atlas cement and 3 parts sand 

Age, 5 months 22 days. 

Weight, 1,031 pound's= 130.3 pounds per cubic foot. 

Heignt of pier, 96.10 inches. 

Sectional area, 11". 1)0x11". 96 =142. 32 square inches. 

Average thickness of joints, ".38. 

Gauged length, 50". 



Applied loads. 


In ^uged length. 


Remarks. 






Total. 


Per square 
Inch. 


Compreif- 
sion. 


Set. 




Pminda. 


Pounds. 


Inch. 


Inch. 




14,232 


100 


0. 


0. 


Initial load. Loaded with 19,000 pounda be- 
fore testing. 


21,348 


150 


.0014 


.0005 




28,464 


200 


' .0029 


.0006 




35,580 


250 


.0042 


.0009 




42,696 


300 


.0056 


.0010 




49,812 


850 


.0070 


.0015 




56,928 


400 


.0085 


.0016 




64.044 


450 


.0098 


.0017 




71,160 


500 


.0114 


.0018 




78.276 


550 


. 0128 


.0020 




85,392 


600 


.0141 


.0023 


E (100-600) =2,119,000 pounda per square inch. 


99,624 


700 


.0170 


.0026 




113,856 


800 


.0198 


.0029 




128,088 


900 


.0228 


.0031 




142,820 


1,000 


.0260 


.0038 


E (600-1,000) " 1,923,000 pounds per square 
inch. 


156,552 


1,100 


.0283 


.0041 


170,780 


1,200 


.0319 


.0047 




185,016 


1,300 


.0350 


.0050 




199,248 


1,400 


.a«o 


.oa'w 




213,480 


1,500 


.0416 


.0061 




227,712 


1,600 


.0447 


.0067 




241,944 


1.700 


.0480 


.0074 




256,176 


1,800 


.0516 


.0082 




270,408 


1,900 


.0557 


.0091 




284,640 


2.000 


.0593 


.0100 


E (1,000-2,000) » 1,845,000 pounda per square 
inch. 


313.104 


2,200 


.0667 


.0117 


341,568 


2,400 


.0750 


.0134 




370,082 


2,600 


.0836 


.0161 




896.496 


2,800 


.0930 


.0189 




426,960 


3,000 


.law 


.0221 


E (2,000-3,000) = 1,558,000 pounda per aqMare 

inch. 
Ultimate strength. 


487,000 


3,422 














Opened cracks along the lower third of the pier. 
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BRICK PIERS. 



No. 1648. 



12" COMMON BRICK PIER. 

Hard, water-struck brick from New England Brick Company's yard 
No. 34, Rochester, N. H. 
Built of 38 courses of brick, with solid core. 
Laid in lime mortar — 1 part lime and 3 parts sand. 
Age, 5 months 3 days. 

Weight, 947 pounds = 121.9 pounds per cubic foot. 
Height of pier, 96.40 inches. 

Sectional area, ll".70xll".90 = 139.23 square inches. 
Average thickness of joints, ".40. 
Gauged length, 60". 



Applied loads. 


In gauged length. 


Remarks. 


Total. 


Persouare 
inch. 


Compres- 
sion. 


Set. 


Poundt. 
13,928 

20,8(6 
27,846 
84,808 
41,769 
48,781 
56,692 
62,664 
69,615 
76,677 
65,000 
183,000 


Pounds. 
100 

150 
200 
260 
800 
860 
400 
460 
600 
660 
467 
966 


Inch. 
0. 

.0122 
.0880 
.0767 
.1190 
.1598 
.2069 
.2688 
.8048 
.8687 


Inch. 
0. 

.0087 
.0803 
.0685 
.1019 
.1880 
.1800 
.2275 
.2690 
.8181 


Initial load. TiOaded with 8,000 pounds before 
testing. 

Crack in one course. 

E (100-660)= 664,000 pounds per square inch. 
Sustained lor a period of 1 hour. 
Ultimate strength. 











BBIOK PIERS. 
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No- 1648. 



12" COMMON BRICK PIER. 



Light-hard, water-struck brick from New England Brick Company's 
yard No. 12, Epping, N. H. 
Built of 36 courses of brick, with solid core. 
Laid in neat Portland cement, Atlas brand. 



Age, 5 months 23 days. 



ight, 1,025 poun(ls=120.4 pounds per cubic foot 
Hei^t of pier, 95.50 inches. 
Sectional area, 12".50Xl2''.35=154.38 square inches. 
Average thickness of joints, ''.35. 
Gauged length. 50". 



Applied loads. 


*In gauged length. 












Total. 


Perwioare 
inch. 


Comprai- 
sion. 


Set 




Pounds. 


PouwU. 


Inch. 


Inch. 




15,488 


100 


0. 


0. 


Initlalload. 


28,157 


160 


.0060 


.0006 




80,876 


200 


.0067 


.0014 


Snapping sounds. 


88,505 


260 


.dOO 


.0016 




46,814 


800 


.0184 


.0028 




54,083 


850 


.0169 


.0027 


Cracks in the neat cement. 


61. 7W 


400 


.oaoi 


.0064 




09,471 


460 


.0288 


.0069 




77,190 


500 


.0271 


.0044 




84,909 


550 


.0807 


.0049 




92,628 


600 


.0842 


.0065 


B (lOO-eOO) -871,000 pounds per square inch. 


106,066 


700 


.0406 


.0068 




123,604 


800 


.0476 


.0070 




138,942 


900 


.0548 


.0062 


• 


154,880 


1.000 


.0618 


.0096 


B (600-1,000) -840,000 pounds per squaie inch. 


169,818 


1,100 


.0601 


.0102 




185,256 


1,200 


.0764 


.0116 




200,694 


1,800 


.0686 


.0126 




216,182 


1.400 


.0910 


.0187 




281,570 


1,600 


.0998 


.0151 




247,006 


1,600 


.1076 


.0166 




262,446 


1.700 


.1167 


.0186 




277,884 


1,800 


.1276 


.0212 


Cracks in two courses of bricks. 


287,700 


1,864 






Ultimate strength. 










Snapping sounds were repeated during the progress of the test. 
The cement in the joints cracked in many places, the cracks making 



The cement m the joints cracked 
their appearance early in the test. 
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BKICK PIERS. 



No. 1646. 



12" COMMMON BRICK PIER. 



Light- hard, water-struck brick from New England Brick Company's 
yard No. 12, Epping, N. H. 

Built of 34 courses of brick, with solid core. 

Laid in cement mortar — 1 part Atlas cement and 3 parts sand. 

Age, 5 months 6 days. 

Weiffht, 981 pound8= 119.3 pounds per cubic foot. 

Heignt of pier, 96.25 inches. 

Sectional area, 12".05Xl2".30=148.22 square inches. 

Average thickness of joints, ".55. 

Gauged length, 50". 



Applied loads. 



Total. 



Pounds. 
14,822 

22,288 
29,644 
87,055 
44,466 
61,877 
69,288 
66,699 
74,110 
81,621 
88,932 
108,754 
118,576 
183,398 
148,220 
168,042 
177,864 
192,686 
207.508 
222,880 
282,000 



Per square 
inch. 



Pound*. 
100 

150 

200 

250 

800 

850 

400 

450 

500 

550 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,800 

1,400 

1,500 

1,565 



In gauged length. 



Compres- 
sion. 



iTieh. 
0. 

.0081 
.0068 
.0095 
.0125 
.0157 
.0189 
.0220 
.0251 
.0284 
.0317 
.0388 
.0450 
.0520 
.0590 
.0662 
.0740 
.0830 
.0921 
.1023 



Set. 



Inch. 
0. 

.0008 
.0018 
.0021 
.0027 
.0031 
.0039 
.0041 

.Qoao 

.0056 
.0061 
.0077 
.0086 
.0101 
.0109 
.0127 
.0144 
.0165 
.0194 
.0222 



Remarks. 



Initial load. Loaded with 15,500 pounds be- 
fore testing. 



E (100-()00) =977,000 pounds per square inch. 



£ (600-1,000) =889,000 pounds per square inch. 



Ultimate strength. 



Opened cracks along the middle of the length of the pier. 



BBICK PIEBS. 
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No. 1647. 



12" COMMON BRICK PIER. 



Light-hard, water-struck brick from New England Brick Company's 
3^ard No. 12, Epping, N. H. 

Built of 36 courses of brick, with solid core. 

Laid in lime mortar — 1 part lime and 3 parts sand. 

Age, 5 months 5 days. 

Weight, 940 pounds =114.3 pounds per cubic foot. 

Heignt of pier, 97.10 inches. 

Sectional area, 12'M0Xl2".10=146.41 square inches. 

Average thickness of joints, ".36. 

Gauged length, 50". 



AppUed loAdfl. 


In ganged length. 


Remarks. 










Total. 


Per square 
incn. 


Comprefl- 
slon. 


Set. 




Pounds. 




Inch. 


Inch. 




14,641 


100 


0. 


0. 


Initial load. Loaded with 10,000 pounds be- 
fore testing. 


21,962 


150 


.0136 


.0086 




29,282 


200 


.0346 


.0287 




86,608 


250 


.0594 


.0428 




48.928 


800 


.0882 


.0658 




51,244 


350 


.1206 


.0917 




66.664 


400 


.1582 


.1179 




65,885 


460 


. 1910 


.1498 




73.205 


600 


.2250 


.1789 


Cracks in 6 courses. 


80,526 


660 


.2618 


.2097 




87,846 


600 


.8036 


.2449 


E (100-600) «427,000 pounds per square inch. 


96,600 


662 






Ultimate strength. 




1 
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BBIOK PIBBS. 



No. 1678. 

12" FAC£ BRICK PIER. 

Sand-lime brick, made b;^ Huenneke's system at Atlantic City, N. J. 

Built of 37 courses of brick, with solid core. 

Laid in neat Alpha cement. 

Age, 4 months 18 days. 

Weight, 1,050 pound8=118 pounds per cubic foot. 

Height of pier, 95.60 inches. 

Sectional area, 12".67xl2".69=160.78 square inches. 

Average thickness of joints, ".18. 

Gauged length, 50". 



Applied loads. 


In gauged length. 


Remarks. 










Total. 


Per square 
inch. 


Compres- 
sion. 


Set. 




Pounds. 


PoundM. 


Inch. 


Inch. 




16,078 


100 


0. 


0. 


Initial load. TiOaded with 12,000 pounds be- 
fore testing. 


24,117 


160 


.0026 


.0010 




82,156 


200 


.0065 


.0022 




40,196 


250 


.0066 


.0081 




48,284 


800 


.0114 


.0040 




66,278 


850 


.0141 


.0048 




64,812 


400 


.0178 


.0066 




72,861 


450 


.0207 


.0069 




80,890 


600 


.0235 


.0079 




88,429 


650 


.0266 


.0091 


Snapping sounds. 

E (100-600) »1,209,000 pounds per square inch. 


96,468 


600 


.0204 


.0097 




600 
660 


.0299 
.0328 


.0100 
.0108 




104,607 


112,646 


700 


.0867 


.0118 




120,686 


780 


.0S88 


.0126 




128,624 


800 


.0421 


.0188 




186,668 


860 


.0449 


.0146 




144,702 


900 


.0481 


.0169 




162,741 


960 


.0618 


.0168 




160,780 


1,000 


.0646 


.0177 


E (600-1,000) »l,168,000pound8 per square inch. 




600 
600 

1.050 




.0179 
.0178 

.0198 






168,819 


176,866 


1,100 


.0620 


.0207 




184,897 


1,160 


.0666 


.0218 




192,986 


1,200 


.0690 


.0281 




200,976 


1,260 


.0727 


.0248 






600 


.0490 


.0240 






600 
1,800 


.0490 
.0767 


.0241 
.0255 




209,014 


217,068 


1,850 


.0795 


.0266 




226,092 


1,400 


.0838 


.0284 




288,180 


1,460 


.0883 


.0302 




241,170 


1,600 






Ultimate strength. 

1 








Opened longitudinal cracks in the lower half of the pier. 
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SAND-LIME BRICKS. 



415 



RAND-LIME BRICKS. 



417 



Absorption and Compression Tests of Sand-Lime Bricks. 

Material furnished by the Tennessee Granite Brick Company, Mem- 
phis, Tenh. 



i 



t 



Compressed surface.^ failed with plaster of paris. 







DimenslouH. 






ComprearivestPength 


Serial 
No. 


Height. 


1 

Compreaied 
surface. 


Sectioual 
area. 


First 
crack. 


Per 
Total. square 
inch. 


1 
2 
3 


Inches. 
2.81 
2.80 
2.30 


' Inches. 

4.01 
1 4.02 

4.02 


Inches. 

8.28 
8.28 
8.28 


Sq.ins. 
33.20 
33.29 
83.29 


Pounds. 
186.000 
216,000 
192,000 


Pounds. Pounds. 
218,000 6,670 
248,400 7,460 
213,000 6.400 



ABSORPTION TESTS. 



Bricks Nos. 4, 5, and 6 were immersed in water for a period of one 
week. 



Serial 


Before immersion. 

I^unds. Ounces. 
5 6 

5 U 

6 5i 


Weight. 


(}ain. 

Ounces. 

8 

74 


Absorption. 


No. 


After immersion. 


By weight. 


By volume 


4 
5 
6 


J\)Hnd». Ounces. 
5 14 
ft 91 
ft 13 


Per cent. 
9.8 
10.1 
8.8 


Per end. 
18.0 
18.9 
16.8 



H. Doc. 22, 59-1 27 
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SAND-IilME BBICKS. 



Bricks 4, 6, and 6 were returned to the water bath, where they 
remained for an additional period of 18 days, after which they were 
tested while wet, immediately after being taken out of the water. 



Serial 
No. 



Dlme-.sions. 



Compreaslve stren jrth . 



Height. 



Compressed 
surface. 



Sectional 
area. 



First 
crack. 



I Per 
Total. square 
inch. 



IncfieB. Inchcif. Inchen, So. ins. Pounds. Pounds. Pounds. 

4 2.32 4.01 8.28 83.20 139,000 189,000 6,690 

5 2.27 4.02 I 8.28 33.29 81,000 181,000 5.440 
2.32 : 4.01 I 8.28 33.20 108,000 195.800 5.900 

Bricks Nom. 7, 8. and 9 were saturated with water, after which they were 
frozen, thawed out in water, and refrozen— in all six times. They were then 
thawed out and tested at temperature of the room: 

7 I 2.31 , 4.01 I 8.28 I 33.20 I 164.000 I 186,000 I 5,600 

8 2.29 I 4.01 8.27 33.16 165,000 192,500 5,810 

9 I 2.31 I 4.02 I 8.28 | 33.29 | 166,000 | 204,000 | 6.130 
Brick No. 9 showed cracks on two corners upon the second frtezing, which 

reached a length of about Ik" at the third freezing, but did not extend dur- 
ing subsequent freezings. Nos. 7 and 8 did not develop any cracks. 

Bricks Nos. 10, 11, and 12 were heated over an open wood fire for a period 
of one hour, slowly cooled, and tested the following day: 



10 
11 
12 



2.28 
2.30 
2.29 



4.01 
4.01 
4.01 



8.27 
8.27 
6.24 



Numerous cracks were formed in Nos. 10. 11. and 12 during heating. 



33.16 
38.16 
25. 02 



114,000 
180,000 
79,900 



8,440 
5,430 
3,190 



GRANITE. 



Material quarrieci by the Balfour Quarry Company, Asheville, X. C, an<l 

contribated for testing by Mr. H. J. Stanley, Chief Engineer, 

Board of Public Service, Cincinnati, Ohio. 
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GRANITE. 



421 



The granite from which cubes 1 to 6, inclusive, were made came 
from a quarry located near a hamlet called Granite Quarry, about 5 
miles southeast of Salisbury, N. C. 

The granite from which cubes 7 to 12, inclusive, were made came 
from the Balfour granite quarry, near Balfour Station, about 18 miles 
south of Asheville, N. C. 

The cubes were worked in the rough to 2^" on a side, then reducing 
them on a rubbing bed to their finished dimensions. 

COMPRESSIOX TESTS OF GRANITE (TBES. 






Dimensions. 




Sectional 




Compressive strennrth. 


irks. 








First craek. 









Height 


Compresse 


d surface. 
Inehef. 


urea. 

Sq. ««, 


I'ounds. 


Total. 
Fumnds. 


Per square 
incii. 

PWTids. 




Inehet, 


Inehea. 


1 


2.05 


2.06 


2.03 


4.22 


Id9,000 


218»800 


60.660 


2 


2.07 


2.04 


2.02 


4.12 


152,000 


179,900 


43,670 


3 


2.04 


2.07 1 


2.02 


4.18 


155,000 


214,200 


51,240 


4 


2.06 


2.06 


2.03 


4.18 


140,000 


215^400 


61,680 


5 


2.05 


2.08 


2.03 


4.22 


143,000 


201,100 


47,660 


6 


2.06 


206 


2.08 


4.22 


187,000 


219,400 


61,990 


7 


2.06 


2.08 1 


2.04 


4.14 


141,000 


141,000 


84,060 


8 


2. OS 


2.08 


2.04 


4.14 


104,000 


117,600 


28,410 


9 


2.08 


2.05 


2.04 


4.18 


122,000 


128,600 


80,740 


10 


2.03 


2.06 ' 


2.02 


4.16 


112.000 


144,000 


84,620 


11 


2.08 


2.06 


2.04 


4.20 


86.000 


114.000 


27,140 


12 


2.03 


2.04 


2.04 


4.16 


101.000 


180,500 


31,370 



P^'ramidal fractures. 



MARBLE. 
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MABBIi£« 

COMPRESSION TEST OF MARBLE CUBES. 



4?5 



Specimens received from Hon. A. J. Foster, chairman of the Conmut- 
tee on the Geological Survey, United States Senate, Washington, D. C. 

Furnished by the International Consolidated Development Mining 
and Brokerage Company, Tacoma, Wash. 




Dimensions. 


Height. 


face. 


Inches. 
2.04 
2.04 


2.06 
2.03 


Iwiha, 
2.06 
2.06 



Sectional 
area. 


First cxack. 


Compressive strength. 


Total. 


%X"i 


Sq. in*. 
4.12 
4.12 


Pounds. 
36,700 
38,060 


Pounds. 
86,700 
88,060 


Pounds. 
8,910 
9,240 



Pyramidal fractures. 
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BLUE AND BBOWN PRINT PAPER. 



TENSILE TESTS OF BLUE-PRINT AND BROWN-PRINT PAPERSy BROWK- 
PRINT CLOTH, AND TRACING CLOTH. 



Length of specimens between jaws, S", 
Length of specimens over all, 5". 

The cloth was tested two ways. Wai-p or filling not identified a.s 
such. 

BLUE-PRINT PAPER. 



No. of 
flample. 






Teats. 




Mean results. 












Per 


Remarks. 


Firat. 


Second. 


Third. 1 Total. 


square 










Lbs. 


Inch. 
Lb«. 




IJ>». 


Lbt. 


Lba. 




264 27 


25 


26.2 


6,720 




264 244 


27 


26.0 


6,670 




2241 22 


22 


22.2 


4,350 




2841 28 


29 


28.5 


6,630 




17 


16 


164 


16.5 


3,840 




26 


254 


80 


27.2 


5,670 




204 


21 


204 


20.6 6.060 




274 


27 


264 


27.0 


6,760 




27 


264 


274 


27.0 


7.300 




16 


16 


154 


15.8 


4,390 


• 


24 


23 


23 


23.3 


5,680 




87 


89 


39 


38.3 


7,510 


Si 



BROWN-PRINT PAPER. 



0021 


.0021 


12 1 


12 


lU 11.9 


5,670 




octn 


.0037 


264! 


294 


304 28.8 


7,780 




0028 


.0028 


264 


264 


27 26.7 


9,540 




00:« 


.0038 


21 


21 


20 20.7 


5,450 




0032 


.0082 


28 


294 


284 28.6 


8,940 




■0030 


.0030 


1K4 


21 


19 19.5 1 6,600 





BROWN-PRINT CIX)TH. 



37 



.0050 
.0050 
.0060 
.0050 
.0047 
.0047 
.0047 
.0047 
.OaV) 
.0055 
.0055 

.oaV) 
.ouw 

.0050 I 
.0060 
.0050 . 

.0052 ; 

.0052 I 
.0052 ! 

.oa52 



89 


1 


40 


1 


41 


1 


42 


1 



0050 


364 
34 

:« 

42 
284 
40 
25 
SO 
41 

:)6 

28 
26 
444 
424 
yyk 
33 
324 
38 
19 
204 






86.5 
34.0 
38.0 


7,800 
6,800 
7.600 
8,400 
6,060 
8,510 
5,320 
6,380 
7,450 
6,550 
5,090 
4,780 
8,900 
8,500 
7,100 
6,600 
6,260 
7,810 
3.660 
3,940 


In one direction. 

Do. 
In the other direction. 

Do. 
In one direction. 

Do. 
In the other direction. 

Do. 
In one direction. 

Do. 
In the other direction. 

Do. 
In one direction. 

Do. 
In the other direction. 

Do. 
In one direction. 

Do. 
In the other direction. 
Do. 


0050 






U050 






.0060 






42.0 


0047 






28.5 
40.0 
25.0 


.0047 






0047 






0047 






80.0 
41.0 


0055 






0055 






86.0 
28.0 
26.0 


!o655 
0055 






0050 






44.5 
42.6 
35.5 
83.0 
32.5 
88.0 
19.0 
20.5 


.oa^ 






oa50 






0050 






0052 






0052 






0052 






0052 










^ 



.0029 .0029 

.0029 .0029 

.0029 ' .0029 

.0029 .0029 



TRACING CLOTH. 



•25 

244 
58 
57 



25.0 
24.5 
.SS.O 



8,620 
8,450 
20,000 



57.0 19.660 



In one direction. 

Do. 
In the other direction. 

Do. 



private tests. 
Private Tests. 
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TESTS MADE FOR PRIVATE PARTIES DURING THE FISCAL YEAR 
ENDED JUNE SO, 1906. 



For whom tested. 



Date. 



Material. 



1904. 
July 6 
9 



Aug. 



Cordage 

Cast iron 

Steel wire rope 

Wire-rope blocks 

Cast-iron jack screws. 
10 , Caststeel 

19 ! Sand brick 

I Concrete 

20 Wrought iron 

22 Concrete slabs 

Kaladar actinolite . . . . 

Sand brick 

Cast iron 

Iron and steel bars 

Wireehain 

Steel specimens 

do 

Wire-rope socket 

Rubber belting 

Concrete 

Wire rope , 

Hoisting link 



26 

Sept. 1 

2 



20 
21 
22 
23 

26 

30 

Oct. 4 



15 



21 



Breakerlinks. , 
Concrete , 



Briquettes 

Manganese steel 

Wrought iron 

Steel specimen 

Wires., 



Manganese steel. 
Granite.. 



Sand-lime brick 

Steel, cast iron, and 
bronze specimens. 

Canvas belting 

Rubber belting 

do 

Bronze 

Concrete 

do 

do 

Carbonic-acid cylin- 
ders. 

Coppers for pressure 

Jjauges. 
nks and chains 

Bronze 

Wroughtiron 

Adhesion of wire 
nails In wood. 

Bronze 

Chain links 

Steel bars 

Bronze 



.do. 



Granite 

Bricks 

....do 

Plain and twisted 
steel bars. 

Canvas belting 

Concrete beams . 



Name. 



Plymouth Cordage Co 

Farrel Foundry and Machine Co. 

J. A. Roebling'H Sons Co 

Boston and Lockport Block Co. . 

Vaughn Machine Co 

Barbour-Stockwell Co 

National Art Stone Co 

Eastern Expanded Metal Co 

Wyman & Gordon 

Eastern Expanded Metal Co 

The Cummings Cement Co 

National Art Stone Co 

Barbour-Stockwell Co 

Wyman <Se Gordon 

J. B. Huberdeau 

Isaac G. Johnson & Co 

Wyman & Gordon 

J. H. Williams Co 

Revere Rubber Co 

Eastern Expanded Metal Co 

J. A. Roebllng's Sons Co 

Yale & Towne Manufacturing 
Co. 

Plymouth Cordage Co 

S. E. Thompson 



City. 



A. B. Murdough ." 

C.A. Blackall 

Wyman <Se Gordon 

Savage Arms Co 

Boston Transit Commission 

C.A. Blackall 

Balfour Quarry Co 

Waldo Bros 

The Wellman-Seaver-Morgan 
Co. 

The American Belting Co 

Revere Rubber Co 

do 

Victor Metals Co 

Eastern Expanded Metal Co. . . . 

do 

do 

Merrimac Chemical Co 

Robin Hood Powder Co 



The Thos. Laughlin Co. 

Victor Metals Co 

Wyman it Gordon 

Hood Rubber Co , 



Victor Metals Co 

Plymouth Cordage Co 

Wyman & Gordon 

TheTaunton-New Bedford Cop- 
per Co. 

The Wm. Cramp & Sons Ship 
and Engine Building Co. 

City of Cincinnati 

KP.Cottle 

W.W.Barclay , 

Boston Transit Commission 



1 

Bronze ) 

Paper and soldered ' 
Joints. : 

Wrought iron I 

Cast Iron ' 



RuboU-Belting Co 

Greenfield Electric Light and 
Power Co. 

Victor Metals Co 

Hood Rubber Co 



W'ason Manufacturing Co 

The Detrick & Harvey Machine 
Co. 



North Plymouth 

Ansonia 

Trenton 

Boston 

Peabody 

Cambridgeport . . 

Chester 

Boston 

Worcester 

Boston 

Akron 

Chester 

Cambridgeport . . 

Worcester 

Quincy 

Spuyten-Duyvll . 

Worcester 

Brooklyn 

Chelsea 

Boston 

Trenton 

Stamford 



North Plymouth- 
Newton High- 
lands. 

Watertown 

Boston 

Worcester 

Utica 

Boston 

do 

Salisbury 

Boston 

Cleveland 



Youngstown 

Chelsea 

do 

EastBraintree... 

Boston 

do 

do 

North Wobum... 

Swanton 



Portland 

EastBraintree.. 

Worcester 

Watertown 



EastBraintree... 
North Plymouth. 

Worcester 

Taunton 



Philadelphia . 



Cincinnati .... 

Buffalo 

Pattersonville . 
Boston 



...do 

Greenfield . 



EastBraintree. 
Watertown .... 



Brightwood . 
Baltimore . . . 



Mass. 

Conn. 

N.J. 

Mass. 

Mass. 

Mass. 

Pa. 

Mass. 

Mass. 

Mass. 

N. Y. 

Pa. 

Mass. 

Mass. 

Mass. 

N. Y. 

Mass. 

N.Y. 

Mass. 

Mass. 

N.J. 

Conn. 

Mass. 

Mass. 

Mass. 
Mass. 
Mass. 
N.Y. 
Mass. 
Mass. 
N.C. 
Mass. 
Ohio. 

Ohio. 
Mass. 
Mass. 
Mass. 
Maie. 
Mass. 
Mass. 
Mass. 

Vt. 

Me. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 
Mass. 
Mass. 

Pa. 

Ohio. 
N.Y. 
N.Y. 
Mass. 

Mass. 

Mass. 

Mass. 
Maan. 

Mass. 
Md. 
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PBIVATE TESTS. 



Private Tests — Continued. 



TESTS MADE FOR PRIVATE PARTIES DURING THE FISCAL 
ENDED JUNE SO, 7^5— Continued. 



YEAR 



For whom tested. 



Date. 



1904. I 
Oct. 29 I 

31 
Nov. 3 



Material. 



Name. 



Steel 

Lally columns. 

Bronze 

do 



I 

16' 
19 , 
•22 I 



26 1 

28 ' 

30 I 

Dec. 8 , 

6 I 

7 ! 
'^ 

14 I 

15 I 

16 

20 ' 

271 
28 I 
1905. i 
Jan. 4 

14 I 

16 , 



19 
20 
21 

31 

Feb. 2 

3 

4 
6 



7 .. 



Mar. 4 



Stone 

Bricks 

do 1 

do 

do 

Concrete priflms i 

Steel bore 

do I 

do I 

Steel plate and riv- i 

etedioints. [ 

Adhesion of nails in 

wood. I 

Sandstone I 

Bronze | 

Steel ! 

do 

Bronze ' 

Steel ' 

Cast iron ' 

Manila rope I 

Bronze i 

Cast iron j 

Steel rods 

Rubber belting 

Joints in belting ! 

Steelbars 

do 

Steel 

Steel ban 

Cast-iron rollers i 

Steel tubing I 

Steel ! 

Bronze , 

Steel I 

Aluminum 

Chain ' 

Aluminum , 

Bronze i 

Aluminum | 

Bricks, paving and • 
Are. I 

Sand-lime bricks i 

Twisted steel rods ' 

Shackles , 

Manila rope 

do 

Steel 

Hemp rope 

Chains 

Lally patent columns. 

^o 

Lally columns and 
casMron columns. 

...do 

Ball bearings 



Colonial Steel Co 

New York Fire Proof Column Co. 

Builders Iron Foundry 

The Wm. Cramp & Sons Ship 
and Engine Building Co. 

Alfred Giles 

Watertown Sand Brick Co 

City of Scranton, Pa 

do. 



.do. 



JBastem Expanded Metal Co . 
Boston Transit Commission. . 

do 

do 

Waters Governor Co 



Hood Rubber Co. 



D'OenchAYost 

Builders Iron Foundry 

Colonial Steel Co 

Wyman & Gordon 

Builders Iron Foundry 

Colonial Steel Co 

Vaughn Machine Co 

Plymouth Cordage Co 

Victor Metals Co 

Fanel Foundry and Machine Co. 
Boston Transit Commiasion .... 

Revere Rubber Co , 

Leonard Waldo 

Boston Transit Commission. . . , 

do 

Savasre ArmsCo 

Marlin Firearms Co 

H.I.Crandall&SonCo , 

Standard Coupler Co 

WymanA Gordon .. 

Victor Metals Co 

The Pennsylvania Steel Co 

Vaughn Machine Co , 

Thomson Electric Welding Co. 



Vaughn Machine Co 

Victor Metals Co 

Vaughn Machine Co 

Shawmut Paving Brick Works. 



Welded-steel plate . . . 

Sand-lime bricks 

Register frames 

Steel-wire rope 

Steel 

do 

Manila rope 

Corrugated and twist- 
ed bars. 



Tenneasee Granite Brick Co, 
Boston Transit Commission 

Fletcher A Crowell Co , 

Fearing, Whiton&Co 

Pljrmouth Cordage Co 

Savage Arms Co 

Albert Winslow & Co 

Thomson Electric Welding Co.. 
New York Fire Proof Column Co . 

.do 
Lally Patent Column Co. 

do. 

The Chapman Double Ball I 
Bearing Co. of America. ' 

The Continental Iron Works 

Tennessee Granite Brick Co 

George Thompson 

The Carson Trench Machine Co. 

Savage A rms Co 

Wyman& Gordon 

Plymouth Cordage Co 

Boston Transit Commission 



City. 



Boston 

New York.... 
Providence... 
Philadelphia. 



San Antonio. 
Watertown... 

Scranton 

....do 

....do 

Boston 

....do 

....do 

....do 

....do 



State. 



Mass. 
N. Y. 
R. L 
Pa. 

Tex. 

N. Y. 

Pa. 

Pa. 

Pa. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 



Watertown I Ma 



I 



New York. 

Providence 

Boston I 

Worcester I 

Providence ! 

Boston 

Peabodv i 

North Plymouth . 

East Bralntree 

Ansonia 

Boston I 

Chelsea 

New York 

Boston 

do 

Utica 

New Haven 

East Boston 

New York 

Worcester 

East Bralntree — 

Stoelton 

Peabody 

Lynn 



N. Y. 

R.I. 



Mass. 
R.L 



Pa. 

Mass. 

Mass. 



Peabody Mass. 

East Bralntree i Mass. 

Peabody I Mass. 

Shawmut Pa. 



Mass. 

Mass. 

Conn. 

Mass. 

Mass. 

N.Y. 

Mass. 

Mass. 

N.Y. 

Conn. 

Mass. 

N.Y. 

Mass. 



Memphis 

Boston 

Portland 

Boston 

North Plymouth.. 

Utlca 

Boston 

Lynn 

New York 

do 
Waltham 



Tenn. 
Mass. 
Me. 



Mass. 
N.Y. 
Mass. 



N.Y. 
N.Y. 
Mass. 



Mass. 

Brooklyn I N.Y. 

Memphis ' Tenn. 

Everett j Mass. 

Charlestown ' Mass. 

UUca N.Y. 

Worcester i Mass. 

North Plymouth.. Mass. 
Boston ' Mass. 



PRIVATE TESTS. 

Private Tests — Coatinued. 
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TESTS MADE FOR PRIVATE PARTIES DURING THE FISCAL YEAR 
ENDED JUNE SO, J 905— Contmned. 



Date. 



1905. 
Mar. 9 
11 
15 

16 

20 
21 
29 



SO 

Apr. 10 

12 

14 



28 

May 6 

12 

13 



16 

16 
18 

20 
24 
25 
26 
27 
June 3 



Material. 



Rubber beUing 

Steel 

do 

Cement and concrete. 

Wire rope 

do 

Ck>ncrete 

Swivels 

'Bionse 



Canvajs belting 

Aluminum alloys 

Cast iron 

do 

Tubing and pipe 

Building blocks 

do ■ 

Concrete 

Tum-buckles 

Cast iron 

Cordage 

Shackles and swivels. 

Bronze 

Steel 

do 

Sheet Hteel 

Steel tubing 

Cloth 

Wood 

Pteel 

do 

Bronze plate 



Granite cubes 

W'ooden insulators . . . 

Twisted Kteel bars 

Steel tubing 

Steel 

Manila rope 

Hemp rope 

Steel-wire rope 

do 

Steel 

do 

Granite cubes 

Bronze 

Malleable-iron links . 
Hydraulic test gauges 

Steel bar 

Steel bars embedded 
in cement. 

Steel bare 

do 

Shackles 

Granite 

Steel 

Bronze 

Shackles 



For whom tested. 



Name. 



Revere Rubber Co 

The Brown Wire Gun Co 

MIxAHartel 

Bush Terminal Co 

American Steel and Wire Co 

Carson Trench Machine Co 

Bush Terminal Co 

Fletcher A Crowell Co 

The Wm. Cramp & Sons Ship 
and Engine Building Co. 

The American Belting Co 

Thomas Pray, Jr 

Farrel Foundry and MachineCo. 

Thomas Prayjr •. 

Lally Patent Column Co 



Wm. 8. Humbert (IncorpoiHted) 

Berthelet Construction Co 

Boston Transit Commission 

do 

Farrel Foundry and MachineCo. 

Plymouth Cordage Cb 

Fletcher A Crowell Co 

Thomas Pray, Jr 

Wyman & Gordon 

Savage Arms Co 

Ames Shovel and Tool Co 

Thomas Prayjr 

Hood Rubber Co 

Merrimac Chemical Co 

Laconia Car Co. Works 

Wyman A Gordon 

The Wm. Cramp A Sons Ship 
and Engine Building Co. 

John Pierce 

A. & J. M. Anderson Mfg. Co . . . 
Boston Transit Commisnon 



Thomas Pray, 1r . 

Wyman A Gordon 

Columbian Rope Co 

Pljrmouth Coraage Co 

American Steel and Wire Co 

do 

Wyman A Gordon 

do 

City of Cincinnati 

Thomas Pray, ir 

Plymouth Coraage Co 

Star Brass Mfg. Co 

Wyman A Gordon 

Trussed Concrete Steel Co 



Boston Transit Commlwion 

....do 

Boston and Lockport Block Co. 

Wm. N. Flynt Granite Co 

Savage Anns Co. 



Thomas Pray, Jr 

Fletcher A Crowell Co. 



City. 



Chelsea..*. 

New York.... 

Boston 

New York.... 

Worcester 

Gharlestown . 

New York 

Portland 

Philadelphia. 

Youngstown.. 

Boston 

Ansonia , 

Boston , 

Waltham 

Niagara Falls. 
Milwaukee . . . , 

Boston 

do 

Ansonia. 



North Plymouth. 

Portland 

Boston 

Worcester 

Utica 

North Easton 

Boston 

Watertown 

North Wobum... 

Boston 

Worcester 

Philadelphia.... 



New York 

South Boston 

Boston 

do 

Worcester 

Auburn 

North Pl>Tnouth. 

Worcester 

....do 

do 

do 

Cincinnati 

Boston 

North Plymouth. 

Boston 

Worcester 

Detroit 



Boston .. 
....do..., 
....do... 
Monson.. 

Utica 

Boston .. 
Portland , 



State. 



Maw). 

N.Y. 

Mass. 

N.Y. 

Mass. 

MasN. 

N.Y. 

Me. 

Pa. 

Ohio. 

Mass. 

Conn. 

Mass. 

Mass. 

N.Y. 

Wis. 

Ma.<tH. 

Ma&M. 

Conn. 

Mass. 

Me. 

Mass. 

Mass. 

N. Y. 

Mass. 

Ma.ss. 

Mass. 

Mas». 

Mass. 

Mass. 

Pa. 

N.Y. 
Mass. 
Ma88. 
Mass. 
Mass. 
N.Y. 
Mass. 
Mass. 
Mass. 
Mass. 
Mass. 
Ohio. 
Mass. 
Mass. 
Mass. 
Mass. 
Mich. 

Mass. 



Mass. 
Mass. 
N.Y. 
Maw. 
Me. 



IITDEX 



Page- 
Ammunition trucks, tensile testa of parts of 79 

Analyses, chemical: 

B-hoop, forged from Watertown Arsenal ingot 113 

Cast iron and pig irons 113 

Gun-barrel steel from Springfield Armory 114 

Metal from tires of 3-inch field carriages 222 

Recoil band, 5-inch R. F. gun 114 

Steel rail No. 66 114 

Steel shell, 1-pounder, from Frankford Arsenal 1 14 

Steel specimens immersed in liquid air 291 

Anchor bolts for gun carriages, -tensile and bending tests 142 

Brass, sheet, for cartridge clip bodies, tensile tests 182 

Brick piers: 

Description 395 

With hollow cores — 

Hard, sand-struck brick 399, 400, 404 

Light-hard, sand-struck brick 401-403 

Repressed brick 396 

With solid cores — 

Hard, water-struck brick • 405-408 

Light-hard, water-struck brick 409-411 

Sand-lime brick 412 

Wire-cut brick 397,398 

Tabulation 413 

Bricks, sand-lime: 

Absorption tests 417 

Compression tests, dry 417 

Compression tests, wet 418 

Compression tests, after heating 418 

Bronze: 

For gun carriages and mounts — 

75-millimeter mountain gun carriages 117, 118 

15-pounder gun mounts 118 

5-inch barbette carriages 118, 134 

6-inch disappearing carriages 1 19-122 

6-inch barbette carriages 122, 123 

8-inch disappearing carriages 123 

10-inch disappearing carriages 121^126, 131 

12-inch disappearing carriages 126 

12-inch mortar carriages -* 126 

Lvle life-saving gun 127 

Manganese bronze ingots 127 

Parsons* manganese bronze 132, 133 

From Builders Iron Foundry 127 

For comparison of testing machine at works of Driggs-Seabury Ordnance 

Corporation 127 

Miscellaneous 127 

Tobin bronze 134 

Bullets, jacketed, resistance of, when forced through the bore of a 30-caliber 

rifle barrel, before and after firing 161-171 

Carbon steel ingot, 62-inch: 

Unforged iSirs after heat treatment — 

Tensile tests 144 
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Page. 

Castriron specimens with plate steel separators, tensile testa 87 

Cast iron: 

Tensile tests — 

From The C. H. Co wdrey Machine Company 87 

From The Detrick & Harvey Machine Company 86, 87, 91-98 

From Driggs-Seabury Ordnance Corporation 87 

From Watertown Arsenal fomidry 83-86,99-109 

. Brazed specimens 87 

For comparison of testing machines — 

S. R. Carr&Co 87 

Driegs-Seabury Ordnance Corporation 87 

Cement cube ana cylinder exposed to loads of cubic compression 391 

Cement. {See also Concrete. ) 

Chains, counterweight, for 15-pounder gun mounts (proof stresses) 181 

Cloth, tensile tests of: 

Brown-print cloth 426 

Tracing cloth 426 

Blue-print and brown-print paper 426 

Comparison of testing machines: 
Steel bars — 

S. R. Carr&Co 137 

C. H. Cowdrey Machine Company 137 

Driggs-Seabury Ordnance Corporation 137 

Watervliet Arsenal J*! 137 

Cast-iron bars— 

S.R. Carr&Co 87 

I^riffgs-Seabury Ordnance Corporation 87 

Bronze bars — 

Driggs-Seabury Ordnance Corporation 127 

Concrete and mortar columns, i>lain and reenforced: 
Compressive elastic properties, details — 

Description 296,297 

Plain, square columns, without feenforcing bars — 

l:2mixture (sand) 298-302 

l:3mixture (sand) 303-307 

1:4 mixture (sand) 308-311 

l:5mixture (sand) 312-315 

l:l:2mixture (trap rock) 331-333 

l:l:2mixture (pebbles) 337,338 

1:2:4 mixture (trap rock) 334-336 

l:2:4mixture (pebbles) 339,340 

1:3:6 mixture (pebbles) 342 

1:3:6 mixture (cinders) 343 

Plain, octagonal column, without reenforcing bars — 

1:2:5 mixture (pebbles) 341 

Square column, reenforced with 4 twisted steel bars — 

l:3:6mixture (cinders) 347,348 

Square columns, reenforced with 8 twisted steel bars — 

l:2mixture (sand) 316,317 

1:3 mixture (sand) 318-321 

l:4mixture (sand) 322-326 

l:5mixture (sand) 326-328 

l:2:4mixture (cinders) 344-346 

1:3: 6 mixture (cinders) 349,350 

Square column, reenforced with 13 twisted steel bars — 

1:5 mixture (sand) 329,330 

Round columns, reenforced with cage of expanded metal wrapped 
in steel lathing — 

l:2:5mixture (pebbles) 351,352,357-362 

l:3:6mixture (trap rock) 363 

1:3:6 mixture (pebbles) 364 

Bound columns, reenforced with cage of expanded metal wrapped 
in steel lathing; also 4 steel bars — 

1:2:5 mixture (pebbles) : 365,366,369,370,375,376 

l:3:6mixture (pebbles) 367,368,371-374 
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Paga 
Concrete and mortar columns, plain and reenforced — Continued. 

Compresaive elastic properties, details — Continued. 

Octagonal columns, recnfori^ed with cajje of expanded metal with- 
out steel lathing — 

1:2:5 mixture (pebbles) :^3-356 

Tabulation 377,378 

Deduced results 379-387 

Copper cylinders for pressure guages 179-181 

Cordage: 

Shot lines for United States Life-Saving Service — 

No. 9 225,228 

No. 7 226 228 

No. 4.. 227,229,230 

Hemp and manila rope for United States Light-House Establishment. . 231-233 

Braided cotton sash cord for floating targets 234 

Cubic compression, cement cube and cylinder exposed to load:? of 391 

Kndurance shafts: 

Endurance tests — 

Gautier steel bars 245-253,255-261 

Bar from head of nickel-steel railroad rail 254 

Tabulation 262 

Tensile tests of metal from ruptured shafts — 

Gautier steel 265-273,275-281 

Steel rail 274 

Tabulation 282 

Tensile specimens to show mechanical work necessary to produce 

rupture '. 283-288 

(t !*anite from Asheville, N. C. , compression tests 421 

Gun carriages and mounts: 

Bronze — 

75-millimeter mountain gun carriages 1 17, 1 18 

15-pounder gun mounts 118 

5-inch barbette carriages 1 18, 134 

6-inch disappearing carriages 119-122 

6-inch l>arbette carriages 122,123 

8-inch disappearing carriages 123 

10-inch disappearing carriages 123-126, 1 31 

12-inch disappearing carriages 126 

12-inch mortar carriages 1 26 

Cast iron — 

15-pounder gun mounts 83 

5-inch Ijarbette carriages 83 

6-inch disappearing carriages 83-S(), 91-105 

10-inch disappearing carriages 85, 86, 109 

12-inch disappearing^ carriages 86 

12-inch mortar carriages 86, 106, 107 

Counterweight chains for 15-pounder mounts ( proof stresses) 181 

Piston rods for 10-inch disappearing carriages (proof stresses) 181 

Retraction ropes — 

6-inch disappearing carriages 181 

12-inch disappearing carriage's 181 

Springs — 

75-millimeter mountain jrim carriages 153, 154 

3-inch experimental carriage 143 

15-pounder gun mounts 157 

6-inch barbette carriages 151-153 

7-inch mortar carriages 154, 155 

10-inch disappearing carriages 156 

12-inch mortar (airriages 154-156 

Steel castings ma<le at Watertown Arsenal 61-70 

Steel forgings — 

Anchor bolts 142 

75-millimeter mountain gun carriages 73 

3-inch experimental field carriage 141 

6-inch disappearing carriage 74, 75 

H. Doc. 22, 59-1 28 
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Guji carriages and mounts — CoiitiniUMl. Page. 
Steel forgings — Continued. 

6-inch barbette carriage 76, 80 

7-inch mortar carriage 76 

8-inch disappearing carriage 76 

8-inch barbette carriage 76 

10-inch disappearing carriage 76, 77 

12-inch disappearing carriage 77, 78 

12-inch barbette carriage 78 

12-inch mortar carriage 78 

Wheels for 3-inch and 3.2-inch field i»rriagetri 185-222 

Gun hoop No. 5388, streaked: 

Tensile tests of radial specimens 143 

(inn specimens: 

3-inch R. F. guns — 

Tubes 11-18 

Jackets 19-26 

Locking hoops 27, 28 

Breechblocks 29,30 

Clips 3i;32 

Tabulation 33 

6-inch R. F. guns — 

Tubes 37-43 

Jackets - 44-61 

Breech blocks 52-54 

Tabulation 54 

12-inch steel B. L. mortars — 

Tube 57 

Jacket *. 58 

St«el foldings made in Watertown Arsenal smith sho]) — 

B-hoop, chemical analysis 113 

3-inch field guns, block carriers, tensile testa 73 

5-inch R. F. gun, recoil band — 

Tensile testfi 74 

Chemical analysis 114 

6-inch R. F. guns, gas checks, tensile test** 74 

Helical springs. (See Springs. ) 

Ingot, carbon-steel * 144 

Liquid air, experiments with steel bars immersed in: 

Chemical composition of steel bars 291 

Contraction of steel bars after immersion 291 

Tensile strength of steel bar while immersed 291, 292 

Lyle life-saving gun, tensile tests of specimens from 1 27 

Marble from State of Washington, compression tests of 425 

Paper, tensile tests of: 

Blue-print paper 426 

Brown-print paper 426 

Brown-print cloth ... 1 426 

Traci ng cloth 426 

Piston rods for 10-inch disappearing carriages ( jiroof stresses) 181 

Pressure gauges, copper cyhnders for 179-181 

Private tests 427-429 

Railroad material, rails and splice bars: 

Description 237 

Tensile tests — 

Nickel steel rails 241,242 

Splice bars 237-240 

Retraction ropes (proof stresses): 

6-inch disappearing carriages 181 

12-inch disappearing carriages 181 

Resistance of jacketed bullets when forced through the bore of a .30-caliber 

rifle l3arrel, before and after firing 161-171 

Roller bearings from Standard Roller Bearing Company: 

'Soft" 175 

'* Polished" 175 

"Ground" 175,176 

Shell, 1 -pounder steel, chemical analysis of 114 
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Springs for gun carriages: P»^e- 
Compression tests, counter recoil springs for— 

75-millimeter mountain gun carriages 153, 1 54 

15-pounder Driggs-Seabury R. F. mounts 1 57 

6-inch barbette carriages 151-153 

7-inch mortar carriages 154, 155 

12-inch mortar carriages 154-156 

Tray buffer springs 156 

Compression tests of springs for counterbalance device, 10-inch disap- 
pearing carriages 1 156 

Tensile testa of metal from counter recoil springs for — 

75-millimeter mountain §un carriages 154 

3-inch experimental carriage 143 

7-inch mortar carriage 155 

12-inch mortar carriage 155 

St«el bars: 

For comparison of testing machines at works of — 

S. R. Carr&Co 137 

C. H. Cowdrey Machine Company 137 

Driggs-Seabury Ordnance Corporation 137 

Watervliet Arsenal 137 

3-inch field carriages, sights and quadrants 141 

Anchor bolts for gun carriages 142 

Steel bars immersed in liquid air: 

Chemical composition 291 

Contraction after immersion 291 

Tensile strength while immersed 291, 292 

Steel castings for gun and carriage work, tensile tests of 61-70 

Steel forg^ngs: 

75-millimeter mountain-gun carriages 73 

3-inch field guns 73 

5-inch R. F. guns 74 

6-inch R. F. guns 74 

6-inch disappearing carriages 74, 75 

6-inch barbette carriages • 76 

7-inch mortar carriages 76 

8-inch disappearing carriages 76 

8-inch barbette carriages 76 

10-inch disappearing carriages 76, 77 

12-inch disappearing carriages 77, 78 

12-inch barbette carriages 78 

12-inch mortar carriages 78 

Ammunition trucks 79 

From ingots cast at Watertown Arsenal 79 

From Boston Forge Company (6-inch barbette carriages) 80 

From Springfield Armory. . .* 80 

Swivels for buoy chains 148 

Wheels for 3-inch and 3.2-inch field carriages and limbers: 

Description 185,186 

Circularity of rims 187,188 

Force required to overcome and increase dishing 1 89-219 

Strains in the tires .' 220 

Tensile tests of metal in tires and hubs 220, 221 

Chemical analysis of metal in tires 222 

Strength of naVe box flanges 222 

Wire, s(iuare steel, for 6-inch wire-wrapped gun: 
Tensile tests — 

Brazed samples 147 

Electrically welde<l samples 147 

Wii-e, steel, for hooks for safety lanyard device, tensile tests 147 
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